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his report is forwarded to Congress according to

Section 6054(c) of the Intermodal Surface
Transportation Efficiency Act of 1991 (ISTEA). This
is the third in a series of reports summarizing the
progress of the Intelligent Transportation Systems
(ITS) Program administered by the U.S. Department
of Transportation (U.S. DOT). Specifically, this
report:

» Presents the goals and accomplishments of the ITS
Program, which supports the development and
strategic deployment of ITS technologies and ser-
vices in the United States.

* Identifies the actual and potential benefits and cost
effectiveness of ITS services.

» Fulfills ISTEA’s requirement to prepare a final
report to Congress that identifies the nontechnical
constraints encountered by ITS research, develop-
ment, and deployment projects.

* Describes the directions of the next phase of the ITS
Program, including U.S. DOT’s strategy to foster
interoperable and integrated ITS deployment.

FOREWORD

* Recommends legislative measures to support ITS
deployment in metropolitan and rural areas and
advance the use of ITS technologies that uniquely
support commercial vehicle operations.

The first implementation report, transmitted to
Congress in June 1994, described the achievements of
U.S. DOT in the ITS arena, including early activities
predating ISTEA’s official establishment of the
Intelligent Vehicle-Highway Program in 1991. The
second report, submitted in April 1996, detailed spe-
cific accomplishments and activities of the ITS
Program and outlined new research and testing priori-
ties. It also identified new goals and programs to sup-
port the deployment of ITS products and services.

This report summarizes program status since the April
1996 report and describes the major accomplishments
of and lessons learned from the program since its
inception. The report also describes how the pro-
gram’s continued achievements, supported by
ISTEA’s reauthorization, will advance the deployment
of ITS technologies and services to fulfill the needs of
the surface transportation system into the 21st century.



READER’S GUIDE

ISTEA required U.S. DOT to report on specific
aspects of the ITS Program. The following paragraphs
list both the reporting requirements and the sections of
this report that address those requirements.

(A) ANALYZE THE POSSIBLE AND ACTUAL ACCOMPLISH-
MENTS OF INTELLIGENT TRANSPORTATION SYSTEMS
PROJECTS IN ACHIEVING GOALS AND OBJECTIVES
FOR REDUCING CONGESTION, IMPROVING SAFETY,
PROTECTING THE ENVIRONMENT, AND CONSERVING
ENERGY.

Chapter II outlines the near-term results of the Federal
ITS Program, including demonstrated and potential
benefits in traffic flow improvements, maximized use
of existing infrastructure, protection of natural
resources, expanded traveler choices, and cost sav-
ings. Chapter III describes in detail the research and
testing being conducted to evaluate the benefits of
longer term technology development and ongoing
efforts to monitor the ITS Program’s progress in ful-
filling ISTEA goals.

(B) SPECIFY COST-SHARING ARRANGEMENTS MADE,
INCLUDING THE SCOPE AND NATURE OF FEDERAL
INVESTMENT, IN ANY RESEARCH, DEVELOPMENT, OR
IMPLEMENTATION PROJECT UNDER THE PROGRAM.

Chapter II describes in detail U.S. DOT’s ongoing
cooperative efforts with the Intelligent Transportation
Society of America, five standards development orga-
nizations, and private industry. Chapter IV outlines
DOT’s strategy for encouraging partnerships to
advance ITS deployment. Appendix C (Summaries of
ITS Field Operational Tests) and Appendix D (Policy
Review of the ITS Priority Corridors: Executive
Summary) provide additional detail on specific pro-
jects and cost-sharing arrangements.

(C) ASSESS NONTECHNICAL PROBLEMS AND CON-
STRAINTS IDENTIFIED AS A RESULT OF EACH SUCH
IMPLEMENTATION PROJECT.

Appendix E (Nontechnical Constraints and Barriers to
the Implementation of Intelligent Transportation
Systems) describes institutional, legal, and other non-
technical impediments to ITS deployment.

(D) INCLUDE, IF APPROPRIATE, RECOMMENDATIONS OF
THE SECRETARY FOR LEGISLATION OR MODIFICA-
TIONS TO THE ITS STRATEGIC PLAN.

Chapter V recommends congressional actions to
strengthen the ITS Program in the reauthorization of
ISTEA in 1997.



With the passage of ISTEA in 1991, Congress
established a new era for transportation, call-
ing for more efficient and safe use of existing highway
and transit infrastructure and emphasizing intermodal-
ism—the seamless integration of multiple transporta-
tton modes. In this spirit, Title VI of ISTEA estab-
lished the Intelligent Vehicle-Highway Systems
Program (later renamed the Intelligent Transportation
Systems Program), prescribing the “widespread
implementation of intelli-
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Americans’ growing and changing travel needs. The
General Accounting Office has projected that conges-
tion in metropolitan areas could worsen by 300 to 400
percent over the next 15 years unless significant
changes are made. Traffic accidents claim more than
41,000 lives each year. In addition, many of the admin-
istrative systems supporting commercial freight and
mass transit services are antiquated and cumbersome.

ITS services offer promis-

gent [transportation] sys-

ing solutions that respond

tems to enhance the capac-
ity, efficiency, and safety
of the Federal-aid high-
way system and to serve
as an alternative to addi-
tional physical capacity of
the Federal-aid highway
system.”

During the past 5 years,
the national ITS program,
administered by the U.S.
DOT, has advanced the

It is the policy of the United States to
develop a National Intermodal
Transportation System that is economically
sound, provides the foundation for
the Nation to compete in the global
economy, and will move people and goods in
an energy efficient manner. The National
Intermodal Transportation System shall con-
sist of all forms of transportation in a uni-
fied, interconnected manner, including the
transportation systems of the future. . .

INTERMODAL SURFACE TRANSPORTATION
EFFICIENCY ACT, SECTION 2

to these pressing chal-
lenges. These systems are
diverse and versatile,
combining telecommuni-
cation, computer, and
sensing technologies to
provide real-time infor-
mation to both traffic
managers and travelers on
traffic, weather, naviga-
tion, and vehicle diagnos-
tics—in much the same
way the air traffic control

state of the technology,

system does for air traf-

demonstrated substantial

public benefits, fostered

new models of institutional cooperation, and begun to
change how Americans travel. The program has laid
the foundation for an information and communication
infrastructure that will enable the Nation to realize the
vision set forth in ISTEA: to manage multiple trans-
portation facilities as one unified system for greater
customer service, efficiency, safety, and quality of life.

WHAT Is OuR MissION?

Surface transportation systems—the networks of high-
ways, local streets, bus routes, and rail lines—are the
ties that bind communities and facilitate commerce,
connecting residents to work, homes, schools, services,
and each other. During the past 20 years, however,
transportation systems have struggled to keep pace with

fic—to achieve greater

system efficiency, safety,
and convenience. In the future, ITS will provide vehi-
cles with crash warning and collision avoidance capa-
bilities that will dramatically enhance our surface
transportation system’s safety.

Since 1991, the national ITS Program has pursued
research, technology development, and field testing
and has promoted deployment of first-generation ITS
applications. In this work, it has become clear that the
primary barriers to using this technology to achieve
the ISTEA vision are not technical, but institutional.
The program has, therefore, engaged in a host of insti-
tutional research efforts to encourage partnerships,
resolve jurisdictional conflicts, protect personal and
organizational privacy, and identify antitrust, procure-
ment, insurance, and liability issues. The program also

Xi
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GUIDING PRINCIPLES OF THE
ITS PROGRAM

The multifaceted ITS Program compelled U.S.
DOT to reexamine its traditional way of doing
business. In May 1994, the Department estab-
lished the ITS Joint Program Office (JPO) to
manage the program. This action resulted in
unprecedented interagency cooperation involv-
ing most of US. DOTs modal administra-
tions—the Federal Highway Administration
(FHWA), the National Highway Traffic Safety
Administration (NHTSA), the Federal Transit
Administration (FTA), the Federal Railroad
Administration (FRA), and the Research and
Special Programs Administration (RSPA). The
ITS program is guided by four key principles:

* Support research and development (R&D) of
ITS technology to solve problems of surface
transportation congestion, safety, efficiency,
and mobility and to improve the quality of life.

» Ensure that newly developed ITS technologies
and services are safe and cost effective.

» Promote and support the development of an
interoperable and integrated system that
reduces risks and costs to users, as well as to
the public and private sector providers of ITS
products and services.

» |dentify and emphasize private sector involve-
ment in all aspects of the program.

examines human behavior and response related to the
safety and usability of ITS products and services.

The national ITS Program can be divided into six broad
areas of interest:

o ENABLING RESEARCH focuses particularly on the
comprehensive system architecture and associated
standards. Research lays the foundation for nation-

xii

al compatibility among all ITS components. This
area of interest also investigates human factors to
ensure that ITS services are safe and user friendly.
In addition, research attempts to improve the capa-
bilities of technologies, such as communication
and location-referencing systems, that enable ITS
services to function effectively.

ADVANCED METROPOLITAN TRAVEL MANAGEMENT SYS-
Tems include a great range of ITS services that
address traffic management, traveler information,
and transit management. Services include ad-
vanced traffic management systems (ATMS),
advanced traveler information systems (ATIS), and
advanced public transportation systems (APTS).

ADVANCED RURAL TRANSPORTATION SYSTEMS (ARTS)
apply many of the ITS services in other categories
to address the unique safety and mobility problems
of diverse rural communities.

COMMERCIAL VEHICLE OPERATIONS (CVO) can be
enhanced through advanced technologies and
information networks to increase productivity and
efficiency for both fleet operators and State motor
carrier regulators. The Federal ITS/CVO program
focuses particularly on ITS applications to safety,
inspection, and other regulatory processes associat-
ed with commercial vehicles.

ADVANCED COLLISION AVOIDANCE AND VEHICLE SAFETY
SYSTEMS aim to improve driver and pedestrian safe-
ty through human-centered vehicles equipped with
technologies that can warn of or help the driver
avoid impending crashes or can automatically sig-
nal for help immediately after a collision.

AUTOMATED HIGHWAY SYSTEMS (AHS) will take the
potential of vehicles equipped with crash avoid-
ance technology to a new level. Research in this
area is centered on the potential benefits and feasi-
bility of a “smart” vehicle that can communicate
with a “smart” infrastructure. Because the AHS
will share many subsystems with collision avoid-
ance systems, such as vehicle-based sensors, com-
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putational elements, and the driver interface, the
two research programs are closely coordinated.

WHAT HAs BEEN FUNDED?

ISTEA authorized a net total of $645 million
for the program’s funding from fiscal year (FY) 1992 to
1997. At the end of FY 1996, $531.8 million of these
ISTEA funds had been authorized for expenditure. This
amount was supplemented by $459.3 million in funds
from the General Operating Expense budget (including

$20 million in FY 1991) for total funding of $991.1 mil-
lion through FY 1996. At the end of FY 1996, all but
approximately $12 million had been obligated. Roughly
40 percent of total program funding has been earmarked
by Congress (see Exhibit E-1).

The U.S. DOT has worked diligently to build partner-
ships with State and local governments, academia, and
the private sector in conducting three major activities of
the program: basic and applied research, field testing,
and deployment support.

Operational Tests/Corridors
$562 Million (56.7%)

Operational Tests/Corridors
Total = $562 Million

Unearmarked
$151.8 Million (27%)

e

Note:
Earmarked

$410.2 Million (73%)

ExHiBIT E-|
WHAT HAs BEEN FUNDED?

FY 1991-1996
Total ITS Funding - $991.1 Million

Automated Highway System
$49.8 Million (5%)

cvor
$38.6 Million (3.9%)

R&D
$178.8 Million (18%)

‘— System Architecture
$37.2 Million (3.8%)

Deployment Planning, Technology Transfer,
Program Support, and Mainstreaming **
$124.7 Million (12.6%)

CVO funds are also included in R&D, Operational Tests, and Deployment Planning.
$26.2 million for Deployment Planning, $22.3 million for Technology Transfer,
$60.9 million for Program Support, and $15.3 million for Mainstreaming.

Of the $991.1 million made available to the FHWA for the ITS Program,
$410.2 million (41.4%) has been earmarked by Congress, leaving

$580.9 million (58.6%) to be expended at the discretion of the U.S. DOT. Also
note that in addition to funding provided for FHWA, NHTSA, and FTA received
$31.5 million and $13.2 million, respectively.

xiii
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BAsiC AND APPLIED RESEARCH

The ITS Program has sought to adapt existing and
emerging information and control technologies to meet
basic, everyday transportation needs. Since 1991, about
30 percent of ITS Program funding has supported R&D
efforts to improve the state of the art of enabling tech-
nologies, advanced metropolitan travel management
systems, rural ITS applications, CVO, collision avoid-
ance systems, and AHS. Funding has specifically sup-
ported development of the national ITS architecture
and essential standards. In addition, the U.S. DOT has
developed and enhanced analysis tools and methods,
such as simulation models, to allow transportation pro-
fessionals to more accurately monitor and control traf-
fic, and evaluate the impact of ITS services.

OPERATIONAL TESTS/PRIORITY CORRIDORS

About 57 percent of obligated funds has supported
field testing and demonstration projects as part of
operational tests or the ITS Priority Corridors
Program; 73 percent of this amount was congression-
ally directed. These efforts provide a crucial bridge
between the laboratory and large-scale deployment.

By 1996, the U.S. DOT had launched 83 field opera-
tional tests across the Nation. These tests are provid-
ing valuable information on the benefits of individual
ITS services and on the means to overcome institu-
tional barriers to deployment. In these tests, the
Department is breaking new ground in developing
public-private partnerships, and State and local agen-
cies are forging new institutional arrangements. Both
the technical tests and the issues involved with solving
procurement and institutional problems have taught us
much.

The ITS Priority Corridors Program, created by
ISTEA, has been extremely effective in teaching us
about the institutional arrangements necessary to
advance intermodal approaches to regional and multi-
state transportation needs. In March 1993, U.S. DOT
designated the four locations that met the ISTEA
Section 6056(b) criteria as ITS priority corridors: the

Xiv

Northeast Corridor along Interstate 95, stretching
through six States from Maryland to Connecticut; the
Gary-Chicago-Milwaukee Corridor; the Houston, TX
metropolitan area; and the Southern California
Corridor centered around Interstate 5 and Interstate 10
from Los Angeles to San Diego.

DEPLOYMENT SUPPORT

State and local governments need assistance in over-
coming the complex obstacles to adoption and deploy-
ment of advanced technology. The ITS Program has
spent roughly 13 percent of its funding to facilitate
understanding, acceptance, and deployment of ITS
services. These programs include technical work-
shops, forums that bring together elected officials and
transportation professionals, and training programs to
build the essential professional capacity to support
advanced transportation systems.

In particular, the Early Deployment Planning program
has provided funding and technical assistance to local
and regional agencies to develop plans to apply ITS
solutions to local problems. Ninety early deployment
plans (EDPs) are serving as key mechanisms for
incorporating ITS into the traditional transportation
planning process. A survey of 13 areas found that at
least 29 ITS projects valued at more than $210 million
have been initiated directly because of the EDPs.

WHAT HAVE WE ACCOMPLISHED?

The ITS Program has made unprecedented progress in
bringing a set of research concepts to the point of
national deployment (for first-generation ITS ser-
vices) and making breakthrough developments in in-
vehicle safety and information systems. The following
paragraphs outline 11 significant achievements of the
ITS Program:

|. DEFINED A VISION FOR THE ITS PROGRAM
AND CHARTED A COURSE TO ACHIEVE IT.

In 1992, the U.S. DOT and ITS America published
complementary ITS visions and strategic plans. In
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March 1995, the two organizations jointly published
the National ITS Program Plan, written cooperatively
to guide the development and deployment of ITS ser-
vices. The plan provided the foundation for U.S.
DOT’s efforts to develop “road maps,” which began in
mid-1995. These road maps mark milestones and crit-
ical paths for achieving key program objectives. Both
the strategic and program plans are “living” docu-
ments, which have been progressively refined through
research and detailed subprogram strategic planning.

2. LAUNCHED AN AGGRESSIVE RESEARCH AND
TECHNOLOGY PROGRAM.

The national ITS Program has helped ITS evolve from
relatively visionary concepts to viable and attractive
solutions for transportation problems. To a large
degree, general concerns about the technological lim-
itations of ITS have either been refined to specific
questions or resolved. Among its many achievements,
the program has advanced the development of new
concepts, such as real-time adaptive traffic control;
improved vehicle-tracking technologies used in public
transportation, emergency response, and CVO; devel-
oped guidelines to help ensure that traffic manage-
ment systems and in-vehicle navigation displays are
user friendly and safe; and promoted architecture and
standards to ensure that ITS services are compatible
and interoperable. The program’s most significant
accomplishment may well be the breakthroughs it has
made in showing the value and, in several cases, the
technical feasibility of smart vehicles that can sense
objects, avoid collisions, monitor driver alertness, and
provide route guidance information. The U.S. DOT is
now poised to launch a major series of operational
tests and begin integrating these systems in a human-
centered in-vehicle configuration.

3.TESTED AND PROVED THE VIABILITY OF

NUMEROUS TECHNOLOGIES AND APPLICATIONS.
The U.S. DOT’s 83 operational tests, 28 of which are
completed, are demonstrating the viability of first-
generation ITS technologies and services. These tests
have identified and resolved technical issues, created

new models of institutional cooperation, and shown
how myriad technologies can reduce congestion,
improve emergency response time, increase transit
system productivity and passenger convenience, and
reduce the environmental impact of transportation. We
are now seeing products and services refined by the
operational test program—such as Boston
SmarTraveler’s real-time travel information service
and Help, Inc.’s Pre-Pass electronic clearance system
for trucks—become self-sufficient and competitive in
the marketplace.

4. DEVELOPED A NATIONAL ARCHITECTURE TO
SUPPORT ITS SERVICES.

In June 1996, the United States became the first coun-
try to develop a national ITS architecture, which was
the result of an unprecedented effort to provide a flex-
ible and expandable framework for the development
and deployment of ITS. Instead of a single design, the
architecture provides an inclusive setting within which
different designs can be implemented, yet can operate
compatibly. The architecture identifies how existing
infrastructure can accommodate ITS additions and
technological evolution. It also provides a framework
for the development of national standards to ensure
interoperability of conforming products from compet-
ing vendors.

5. BEGAN DEVELOPMENT OF STANDARDS FOR
HARDWARE AND SOFTWARE COMPATIBILITY.

Standards allow communication, surveillance, moni-
toring, and computer processing systems to “speak” to
each other; provide design guidance to manufacturers;
and reassure purchasers that their systems will be
compatible with other ITS elements. In 1996, the U.S.
DOT signed cooperative agreements with five stan-
dards development organizations (SDOs) to accelerate
the development and acceptance of standards in five
critical areas: in-vehicle and traveler information sys-
tems, traffic management and transportation planning
systems, electronics and communication message sets
and protocols, roadside infrastructure, and unique
short-range communication strategies. Other stan-
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dards have also been identified and are being pursued
by national and international standards organizations.
The adoption of the National Transportation
Communications ITS Protocol (NTCIP), which facili-
tates wireline communications between traffic man-
agement centers and roadside equipment, and the
“Smart Bus Bus” suite of standards, which allows
integration of electronic functions on transit buses, are
two of the program’s early achievements. (The first
“Bus” in “Smart Bus Bus” refers to a transit vehicle,
and the second “Bus” refers to the device that enables
electronic networking.)

6. EVALUATED SOCIETAL BENEFITS OF INDEPEN-
DENT AND INTEGRATED ITS.

The DOT report entitled Review of ITS Benefits:
Emerging Successes, and other documents, such as
Benefits Assessment of Advanced Public Transpor-
tation Systems, Assessment of Intelligent Transpor-
tation Systems/Commercial Vehicle Operations User
Services: ITS/CVO Qualitative Benefit/Cost Analysis
and Preliminary Assessment of Crash Avoidance
Systems Benefits, have shown how ITS technologies
can positively affect transportation efficiency, produc-
tivity, safety, and user satisfaction (see Exhibit E-2).
Research on the public benefits of ITS establishes a
compelling national interest in launching the ITS
infrastructure. The infrastructure will allow us to both
accomplish the vision and mission of ISTEA and
engender a wide new array of private sector goods and
services in much the same way that the Internet has.

7. IDENTIFIED AND PROPOSED SOLUTIONS TO
REMOVE NONTECHNICAL BARRIERS TO IMPLE-
MENTING AND MAINSTREAMING ITS.

The U.S. DOT initiated a major investigation into the
institutional and legal issues associated with intergov-
ernmental cooperation, public-private partnership,
intellectual property rights, procurement, privacy, user
acceptance, staffing and education, socioeconomic
issues, and environmental issues. The results are doc-
umented in the 1994 report to Congress, Nontechnical
Constraints and Barriers to the Implementation of
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Intelligent Vehicle-Highway Systems, and the 1996
update of that report (see Appendix E).

8. CREATED NEW MODELS OF PUBLIC-PRIVATE
PARTNERSHIPS.

Because successful development and deployment of
ITS will rely on the efforts of both the public and pri-
vate sectors, the U.S. DOT has tried to involve the pri-
vate sector in all facets of the program, from research
to testing to deployment initiatives. For example,
NHTSA has nine cooperative agreements with indus-
try to develop and test crash avoidance systems. In
addition, the goals and activities of the AHS program
are being realized through a cost-shared cooperative
agreement with the National AHS Consortium
(NAHSC), which consists of close to 100 public and
private stakeholders, including automobile manufac-
turers, suppliers, universities, and State governments.

9. SET NATIONAL GOALS TO ENCOURAGE WIDE-
SPREAD ITS DEPLOYMENT.

U.S. DOT has established a national goal to build the
ITS infrastructure by 2005. Three specific “systems”
of infrastructure have been defined to date: the metro-
politan intelligent transportation infrastructure,
Commercial Vehicle Information Systems and
Networks (CVISN), and the infrastructure associated
with rural applications. This national goal has helped
create a positive environment within Federal, State,
and local governments and has inspired confidence
among private sector developers. The U.S. DOT is
monitoring progress on achieving this goal in 75 met-
ropolitan areas and is making plans to monitor deploy-
ment of CVISN. See Exhibits E-3 through E-5 for
illustrations of metropolitan ITS infrastructure and
CVISN.

10. LAUNCHED A MODEL DEPLOYMENT INITIA-
TIVE TO DEMONSTRATE THE BENEFITS OF ITS
INFRASTRUCTURE.

In 1996, the U.S. DOT created the model deployment
initiative (MDI) to showcase the benefits and cost
effectiveness of ITS services integrated along the lines
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ExHiBIT E-2
BENEFITS OF SELECTED ITS PROGRAMS

ITS
TECHNOLOGY FINDINGS

ATMS * Traffic signal control: In Lexington, KY, coordinated computerized traffic signals reduced “stop-and-go” traffic
delay by 40 percent and reduced accidents by 31 percent between 1985 and 1994. The Abilene, TX computerized
traffic light system decreased travel time by 14 percent, increased travel speed by 22 percent, and decreased delay by
37 percent. In the Detroit area, the adaptive signal system decreased left-turn accidents by 89 percent and decreased
delay by up to 30 percent.

* Freeway management: Minnesota’s freeway management system increased speeds by 35 percent and reduced acci-
dents by 15 to 50 percent, although demand increased by 32 percent. In Seattle, ramp metering along Interstate 5
kept traffic moving and cut accident rates by more than 38 percent over a 6-year period, despite a 10 to 100 percent
increase in traffic.

* Incident management: Initial operation of Maryland’s incident management system had a benefit/ cost ratio of 5.6:1.
Minnesota’s Highway Helper reduces the duration of a stall by 8 minutes.

* Electronic toll collection: On the Tappan Zee Bridge toll plaza, electronic tolls handle 1,000 vehicles per hour com-
pared with 350 to 400 vehicles per hour handled by manual tolls. New York’s E-Z Pass electronic toll system nearly
tripled traffic speeds compared to stop-and-pay tolls.

ATIS * In-vehicle navigation: TravTek’s in-vehicle navigation systems in Orlando decreased wrong turns by 33 percent and
decreased travel times by 20 percent for drivers unfamiliar with the area.
* Multimodal traveler information: In Boston, 30 to 40 percent of travelers adjusted travel behavior after receiving
real-time traveler information from SmarTraveler. In Montgomery County, MD, the local cable station reaches
180,000 homes to show traffic conditions on major highways, giving commuters mode-of-travel options.

APTS * Fleet management: In Kansas City, with the implementation of the Transit Management System, transit officials cut
operating costs by $400,000, avoided $1.5 million in new bus purchases, and reduced response time to emergencies
from 4 minutes to 1 minute. The computer dispatching system in Sweetwater County, WY, has helped increase
monthly transit ridership from 5,000 to 9,000 passengers, while reducing mileage-related operating costs by 50 per-
cent over a 5-year period.

* Electronic fare payment: New York estimates $49 million has been accrued in increased ridership from smart cards;
Atlanta estimates annual cost savings of $2 million in cash handling; and Ventura County, CA, estimates $5 million
has been saved in data collection costs.

* Multimodal traveler information: An automated transit information system implemented by the Rochester-Genesee
Regional Transportation Authority spurred an increase in calling volume by 80 percent. A system installed by New
Jersey Transit reduced caller wait time from 85 seconds to 27 seconds and reduced the caller hangup rate from
10 percent to 3 percent, while accommodating more calls.

ARTS * Mayday systems: Mayday devices, if effectively deployed in 60 percent of rural crashes, could eliminate 1,727
fatalities each year through speedier incident notification.

ITS/CVO * Fleet management: Best Line of Minneapolis estimates it saves $10,000 per month using its computer-aided dis-
patching system. Schneider of Green Bay, W1 reported a 20 percent increase in loaded miles from its advanced vehi-
cle monitoring and communication systems.

* Electronic safety inspections: An early information network in Oregon increased the number of truck weighings and
safety inspections by 90 percent and 428 percent, respectively, between 1980 and 1989, although staff increased by
only 23 percent. Onboard safety monitoring systems, along with electronic clearance and automated roadside safety
inspections, could reduce fatalities by 14 to 23 percent.

* Electronic pre-clearance: A 1994 study estimates a benefit/cost ratio to the Government of 7.2:1 for electronic clear-
ance, 7.9:1 for one-stop/no-stop shopping, and 5.4:1 for automated inspections.

Advanced * In-vehicle collision avoidance systems: Lane change/merge, rear-end, and single-vehicle roadway departure collision
Vehicle avoidance systems could eliminate 1.1 million crashes annually.

Control and  * Blind spot detectors: The use of the Eaton-Vorad collision-warning device by Greyhound reduced accidents by
Safety Systems 20 percent.

AHS * A preliminary analysis predicts capacity enhancements of 300 percent for platooned operation (e.g., AHS vehicle
convoys) and 200 percent for mixed operation, (e.g., AHS vehicles navigating among conventional vehicles) com-
pared to current freeway operation.
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WHAT Is THE INTELLIGENT TRANSPORTATION
INFRASTRUCTURE?

No single technology “fix” can address America’s grow-

ing demand for and changing patterns of travel. To real-

‘ize the promise of a truly national transportation

system, ITS products and services must be seamlessly
" integrated and interoperable. Therefore, a critical goal

of the ITS Program is to develop an intelligent trans-

portation infrastructure-a communication and infor-
" mation backbone—that supports and unites key ITS
- -services.

This intelligent transportation infrastructure is not just
a collection of components; it is a unified system that
will allow components to communicate with each
other and work together. The infrastructure will func-
_tion much as the local- and wide-area networks used in
most workplaces do. These networks allow electronic
. file sharing, mail, and other information exchanges with-
in a single building or between geographically dispersed
sites, even though individuals in the workplace may
 have different brands of computers and software of
- varying capabilities. Workers increase their productivi-
"ty and utility,and so does the workplace as a whole.The
- ITS infrastructure is expected to have a similar effect
~ on the efficiency and productivity of our national trans-
portation system.

- The needs of three specific types of users—metropol-
itan residents, commercial carriers, and rural resi-
dents—have emerged from the national ITS Program’s

- efforts:

~+The metropolitan intelligent transportation

infrastructure will integrate advanced traffic man-

agement, traveler information, and public transporta-

tion systems. In January 1996, then Secretary

Federico Pefia announced Operation TimeSaver, a

national goal aimed at deploying ITS infrastructure in

- 75 of the Nation’s largest metropolitan areas within

the next decade, with an eye toward cutting travel
times in metropolitan areas by |15 percent.

.+ CVISN will integrate ITS/CVO user services to
achieve safe and efficient shipping operations and
enable electronic business transactions. The u.s.
DOT’s goal is to encourage the public and private
sectors to build CVISN in all interested States by
the year 2005.

» The rural initiative has identified seven clusters of

. technologies to upgrade transportation systems in
450 communities, on rural roads, and in the nation-
al highway system, as warranted,and link rural areas
with metropolitan and commercial operations.
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ExHiBIT E-3
METROPOLITAN ITS
INFRASTRUCTURE

 Transit . ’
Management Freeway

Management

Regional
Multimodal
Electronic Toll Travel Information ) Electronic
Collection Centers Fare Payment

Highway:Railroad Incident
Management

Crossing Safety

Communicat Infrastructure

defined by the national ITS architecture. By 1998,
four sites—the New York City tristate area, Phoenix,
Seattle, and San Antonio—will showcase the benefits
of the metropolitan ITS infrastructure. In the same
time frame, eight States will demonstrate CVISN:
California, Colorado, Connecticut, Kentucky,
Michigan, Minnesota, and, in a joint project, Oregon
and Washington.

| 1. DEVELOPED PLANS TO MEET EDUCATIONAL
AND HUMAN RESOURCE NEEDS.

The transition to electronic management of surface
transportation represents the same transition the
Federal Aviation Administration (FAA) underwent
as it moved from using a civil engineering staff to
oversee the construction of airports to managing the
air system more effectively, which required a very dif-
ferent set of technical skills. ITS applications use
information system, communication, and navigation
technologies that are unfamiliar to surface transporta-
tion professionals. The ITS concept also emphasizes
system management, operations, and performance
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ExHiBIT E-4
VISION: SAFE AND EFFICIENT SHIPPING OPERATIONS
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measurement, instead of construction and mainte-
nance, and often requires unprecedented cooperation
within and between the public and private sectors. The
U.S. DOT’s national strategic plan and 5-year pro-
gram for building professional capacity address the
need to retool the skills of the Nation’s professionals
in the transit, highway, and CVO fields.

WHAT HAVE WE LEARNED?

The program has demonstrated that the ITS concept,
even at this early stage, is technically viable, highly
cost effective, and increasingly accepted as an essen-
tial component of a modern surface transportation sys-
tem. To realize the full long-term potential of ITS,
however, an information and communication infra-
structure is necessary to ensure that ITS services are
integrated, intermodal, and interoperable. In addition,
research performed by NHTSA and FHWA has
demonstrated the potential for major breakthroughs in
accident reduction and built the foundation for future
human-centered smart vehicles. The major findings of
the national ITS Program are documented in the 1996
report, Key Findings From the Intelligent Transpor-
tation Systems (ITS) Program: What Have We
Learned? The following paragraphs outline the major
lessons learned thus far in the ITS Program.

ITS WILL DELIVER SIGNIFICANT PUBLIC BENEFITS.

The U.S. DOT’s research and testing activities have
demonstrated that ITS services can meet a wide range
of community needs, enhancing capacity and improv-
ing efficiency, safety, and quality of life.

Enhancing Efficiency and Use of Existing
Capacity. The U.S. DOT estimates that deploying the
intelligent transportation infrastructure in 50 of our
largest metropolitan areas will reduce the need for new
roads, while saving taxpayers 35 percent of required
investment in urban highways. Better management of
transportation systems is central to achieving the effi-
ciency envisioned by ISTEA; however, managing any
part of the system—transit, highways, or streets—
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more efficiently is nearly impossible unless system
managers have access to information, such as the loca-
tions of traffic incidents. This information must also
be supplemented with the means to respond and make
adjustments to the system or communicate with trav-
elers. ITS field tests and deployments have shown that
strategic application of information and control sys-
tems can significantly improve efficiency for system
managers:

« ITS infrastructure in 75 of the largest metropolitan
areas is estimated to have a benefit-cost ratio of
8.8 to 1.

e Freeway management systems allow existing
physical infrastructure to handle 8 to 22 percent
more traffic at 16 to 62 percent greater speeds
compared to congested conditions.

« Incident management programs have reduced inci-
dent-related congestion and delays by 50 to 60 per-
cent.

« Electronic toll collection has increased throughput
by 200 to 300 percent compared with traditional
attended lanes.

«  Automated traffic signal systems have shown the
capability to decrease travel times by 14 percent,
reduce delay by 37 percent, and increase travel
speeds by 22 percent.

Preventing Accidents and Saving Lives. Today, ITS
technologies are making it easier for emergency
response teams to locate incidents and reach victims
quickly, dramatically improving the chances of sur-
vival. Freeway management systems, such as ramp
meters that help smooth traffic flow, have reduced
accidents by 15 to 20 percent. New information tech-
nology for commercial vehicles is allowing more effi-
cient and accurate safety inspections, increasing
access to safety information for inspectors, and
automating hazardous material incident response sys-
tems. NHTSA estimates that 1.1 million crashes—
17 percent of the total 6.4 million nationwide—could
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be prevented each year if all vehicles were
equipped with three ITS crash avoidance
countermeasures currently under develop-
ment: rear-end crash warning systems,
roadway departure warning systems, and
lane change/merge crash avoidance sys-
tems. This reduction in collisions corre-
sponds to a $26 billion annual savings in
crash-related economic costs.

Reducing the Cost of Government
Operations and Services. In an October
1995 report, High-Tech Highways: Intelli-
gent Transportation Systems and Policy,
the Congressional Budget Office states,
“ITS research may enable highway and
transit authorities to provide better service
at lower cost, possibly reducing the need
for public subsidies.” In an environment
of limited budgets and cuts in public sec-
tor subsidies, the components of ITS
infrastructure are dramatically reducing
the costs of transit management, toll col-
lecting, and truck safety inspections:

* Advanced public transportation man-
agement systems in 265 actual or
planned deployments are estimated to
save transit operators from $3.8 billion
to $7.4 billion in operating costs (in
1996 dollars) over the next 10 years,
without diminishing the quality of ser-
vice.

* In Oklahoma, operating costs dropped
from $176,000 to $16,000 per year per
toll booth when booths were equipped
with electronic debit systems, a cost
reduction of 90 percent.

* Commercial vehicle administration pro-
grams have reduced compliance-related
labor costs (obtaining licenses, permits,
registrations, and credentials and report-
ing fuel-tax payments) by 9 to 18 per-

BENEFITS OF ITS

ITS is already providing benefits related to improved efficiency

of the surface transportation system by helping operators moni- -

tor system performance, quickly identify and effectively respond

to problems that develop, and provide timely, accurate informa-
tion to travelers. Freeway management systems have increased =
throughput by up to 22 percent, while increasing travel speeds and
reducing accidents. Electronic toll collection systems move 200 . .

to 300 percent more vehicles per lane than conventional systems.

Deployment of transit management systems is expected to yield .-

approximately $5 billion in improved efficiency over the next 10

years. Research proposed for FY 1997 and 1998 will continue to
enhance and test advanced traffic control strategies on both free- -
ways and arterial streets and develop and test effective transit
management techniques. Technical assistance, guidance, and train-
ing will also be provided to public agencies on how to lmplement; 5

ITS infrastructure and services effectlvely

ITS research into collision avoidance technologies, which will
receive continuing emphasis in FY 1997 and 1998, promises to sig- -
nificantly reduce accidents and improve the safety. of the sur- =~

face transportation system.

It is estimated that widespread '

deployment of three basic crash avoidance technologies—rear-

end crash-warning systems, roadway departure warning systems,

and lane change/merge crash avoidance systems—beginning in the .
next 5 years, could ultimately reduce crashes by |7 percent, pre-
venting 1.1 million accidents and saving $26 billion per year. The
results of ITS research are also being applied to allow more effi-
cient and accurate automated safety inspections of commercial .

vehicles, further enhancing safety.

ITS will also help reduce public agency costs associated with

managing the transportation system. Implementation of electron-
ic toll collection technology has already reduced administrative -
costs associated with collecting tolls by over 90 percent in some =
cases. States are also beginning to realize reductions in the cost .
of regulating motor carrier safety through the use of automated
registration, fuel-tax-reporting, and weight-screening processes.

The cost reductions are expected to grow as more States imple-
ment comprehensive commercial vehicle information systems.and .
networks (CVISN), currently being tested in eight States. Such“‘f :
deployments can also significantly improve productivity for
commercial carriers by reducing the time and effort needed to

prepare necessary paperwork and undergo manual weight screen-

ings and safety inspections.

ITS can also enhance the quality of life and environmental qual-
ity of our Nation. Because ITS technology can enhance capacity =
using the existing physical infrastructure, it-can lessen the disrup-

tions to wetlands, parks, open spaces, and neighborhoods that are

caused by new construction. Also, ITS can increase mobility by giv-

ing people more information and greater control over their trans- -

portation choices.
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cent through the use of advanced information tech-
nology.

Enhancing the Quality of Life. Because ITS tech-
nology can enhance capacity using the existing physi-
cal infrastructure, it can lessen disruptions caused by
new construction to wetlands, parks, open spaces, and
neighborhoods. Also, ITS services and the supporting
infrastructure can increase mobility, giving people
more information and greater control over their trans-
portation choices. In greater Boston, for example, 30
to 40 percent of travelers change their routes, times of
travel, or modes when they are given up-to-date infor-
mation through advanced information services.
National focus group research indicates high interest
among all income groups in travel products that pro-
vide personal security and safety services, location
assistance, advanced traffic notification, and alterna-
tive route advisories. Equally important as the
Nation’s baby-boomers age, in-vehicle safety and
information technology could enhance the capabilities
of older drivers.

ITS INFRASTRUCTURE IS READY FOR
DEPLOYMENT.

ITS products and services are not technologies of the
future. They are already being applied to solve problems
for State and local transportation managers, enforce-
ment officials, and other transportation service
providers; improve the efficiency of commercial ship-
pers and carriers; and provide travelers with better infor-
mation to improve the quality and safety of their trips.

Although market and user acceptance of individual
components of intelligent transportation infrastructure
is growing, local ITS deployment is narrowly focused
and disconnected. For the most part, transportation
officials and managers are electronically reinforcing
the fragmentation of today’s transportation systems
and infrastructure (which ISTEA sought to change),
instead of using the technology as a bridge to a new
era of intermodalism. Although individual ITS prod-
ucts and services produce specific benefits, integrated

PuBLIC SECTOR INVESTMENT
IN ITS Is GROWING

States and localities are investing in individual ITS
technologies and components. Over $1 billion of
Federal-aid funding was used for the deployment
of core ITS services in FY 1995, a 280-percent
increase over FY 1991.The use of Federal funds
represents only a fraction of total State and local
spending on ITS products and services. Further,
our reviews of ITS deployment decisionmaking
revealed that when State and local officials have
discretion over the use of funding to solve prob-
fems—air quality and congestion improvement
problems, in particular—ITS solutions rate very
favorably.

ITS infrastructure is expected to deliver multiple and
synergistic benefits and provide more options for both
system managers and travelers. The risk of continuing
the current pattern of local deployment is electronic
“hardening” of the fragmentation that will take
decades and billions of dollars to overcome.

To close the gap between the great potential of inte-
grated ITS solutions and the current state of fragment-
ed ITS deployment, U.S. DOT has developed a multi-
pronged strategy for encouraging the public sector to
build integrated ITS infrastructure.

Showcasing the Benefits of ITS Infrastructure. The
more exposure individuals have to useful products and
services, the more likely they are to accept, purchase,
and use them. The 1996 MDI, which will demonstrate
intelligent transportation infrastructure at approxi-
mately 12 locations across the Nation, aims to raise
the awareness of the benefits of integrated ITS ser-
vices and encourage public sector officials to build
supporting infrastructure.

Creating Funding Incentives. ITS deployment is
gaining momentum under existing surface transporta-
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tion programs, but not consistently, optimally, or sys-
tematically. Temporary funding incentives are neces-
sary to intervene in the current deployment process to
foster integration and national interoperability. The
power of small incentives was shown dramatically in
the recent MDI solicitation. The solicitation catalyzed
institutional collaboration, even among sites that were
not selected. Many of these sites are proceeding with
their ITS deployment plans without direct U.S. DOT
funding support.

Establishing Standards. Public sector officials are
hesitant to buy new ITS products that might become
obsolete under future standards. Private firms are
reluctant to invest in technology that may not meet
future performance requirements. The relationship
between standards and ITS infrastructure deployment
is like the classic chicken-and-the-egg: we will have
difficulty integrating ITS without standards, yet set-
ting standards will be difficult without strong demand
for integrated ITS services. The establishment of stan-
dards goes hand-in-hand with deployment incentives
as priorities in the U.S. DOT’s ITS Program and must
be supported by the reauthorization of ISTEA.

Building Professional Capacity. Just as the interstate
construction program required new skills in road
building and civil engineering, ITS development
requires skills in system integration, electronics, and
communications. Because professionals with these
skills currently do not exist in sufficient numbers to
support the effective delivery of ITS, carrying out the
U.S. DOT’s 5-year plan for building professional
capacity is crucial to establishing the infrastructure to
realize the ISTEA vision.

WE MUST INVEST IN THE NEXT GENERATION
OF ITS—PARTICULARLY SMART VEHICLES.

The long-range potential of ITS cannot be fulfilled
without smart vehicles—automobiles, buses, and
commercial fleets—that combine collision avoidance
capability, route guidance, and other in-vehicle ITS
services in a safe, human-centered, integrated system.

This may involve stand-alone smart systems, as well
as those that communicate with the infrastructure.

Research to develop and enhance this vehicle technol-
ogy must be carried out in collaboration with the
industry that will potentially manufacture it. The risk
of not making this investment is threefold. First, the
car of the future will largely be a “mobile computer.”
The economic block (Europe, the United States, or
Japan) that develops the operating systems of this
mobile computer will control the industry for a decade
or longer. In addition, without accelerated develop-
mental research, current evidence suggests that smart
vehicles will be very late (perhaps decades) in arriving
on the market, if they ever do. This represents a poten-
tial unnecessary loss of millions of lives and billions
of dollars in accident-related costs. Finally, individu-
ally developed systems without proper human-cen-
tered integration could actually degrade safety.

Many of the fruits of today’s ITS deployments are
being harvested from R&D initiated in the 1970’s.
Continued R&D is needed to provide the technologi-
cal foundation for the solutions to tomorrow’s prob-
lems.

WHAT’Ss NExXT? A
REAUTHORIZATION AGENDA FOR ITS

ISTEA launched a national ITS program that has
amassed a formidable record of achievements. The
National Economic Crossroads Transportation
Efficiency Act (NEXTEA) now has the opportunity to
realize the benefits of that research and extend the
horizon of accomplishment. Although the U.S. DOT
envisions a reduced Federal role, virtually all con-
stituents agree that it must still provide critical
research and technical assistance to State and local
agencies, particularly in the area of ITS. The principal
goals of the next phase of the ITS Program are to
launch the deployment of an integrated ITS infrastruc-
ture, develop the standards and professional capacity
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to sustain it, and to extend our research horizons, par-
ticularly in the area of integrated safety and naviga-
tional features of the intelligent vehicle.

RESEARCH AND TECHNOLOGY

Continued funding is required to maintain the momen-
tum of the ITS Program’s near- and long-term research
and technology agenda. As provided by the initial
authorization, the U.S. DOT would continue to pursue
both high-priority and high-risk initiatives, such as
collision avoidance systems, automated highway sys-
tems, advanced rural transportation concepts, and the
next generation of advanced travel management and
CVO systems. The research agenda would also sup-
port the development of standards and the execution
of the 5-year program for building professional capac-
ity, as well as field operational tests and evaluations.

INCENTIVES TO ACCELERATE ITS
DEPLOYMENT

Based on numerous focus groups and listening ses-
sions, two options have emerged for accelerating the
deployment of ITS infrastructure. One option would
provide small incentive awards to metropolitan areas,
primarily to support the cost of system integration,
after the demonstration of institutional willingness to
adopt and finance an integrated system. A second
option would create a more traditional program that
directly apportions ITS deployment funds to State and
local agencies. These funds would support both hard-
ware procurement and system integration. Funding
eligibility under either option would be contingent on
conformance with the national ITS architecture and
supporting standards and protocols.

MAINSTREAM DEPLOYMENT PROVISIONS

Existing Federal highway, transit, and motor carrier
investment program policies and regulations have
been refined over many decades, but have not
accounted for improved system management or ITS.
The successor to ISTEA must explicitly state the eli-
gibility of ITS deployment for mainstream Federal
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surface transportation funding. It should also pave the
way for expansion of the capital planning process to
include operational planning, as well as ITS opera-
tions and maintenance. NEXTEA should also recon-
cile disparities between highway and transit programs
regarding the eligibility of ITS operating costs. The
National Highway System Designation Act of 1995,
for example, allowed most highway funds to be used
for ITS operations, yet corresponding provisions are
lacking in the transit programs. In addition, the next
surface transportation authorization must sanction
innovative procurement and financing approaches,
including public-private partnerships.

CONCLUSION

This telephone has too many shortcomings to
be seriously considered as a means of
communications. The device is inherently
of no value to us.

WESTERN UNION INTERNAL MEMO, 1876

Forty years ago, the Federal Government conceived a
plan to build the interstate highway system, among the
Nation’s most ambitious public works projects. As it
did in 1956, U.S. DOT is again serving as an agent to
transform this Nation’s surface transportation sys-
tem—this time with the intelligent transportation
infrastructure, which will serve as the foundation for
managing the many individual systems as one seam-
less system. U.S. DOT does not propose to do this
alone, but instead plans to encourage public sector
agencies, with appropriate private sector support, to
build this new infrastructure for the 21st century. This
new infrastructure will apply information technology
to meet local needs within a framework that enables a
national, interoperable system that will open up busi-
ness opportunities much as the interstate highway
system did four decades ago.
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A historic opportunity is at hand for Congress to dra-
matically improve the future of surface transportation.
Although the full potential of ITS has yet to be real-
ized, enough has been learned in the past 5 years to

verify the wisdom of forging ahead, nurturing the
national ITS Program and allowing it to fulfill
ISTEA’s promise of a safer, more efficient, and less
costly intermodal transportation system.
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ntelligent transportation systems provide the infor-

mation and control needed to better manage surface
transportation facilities—highways, roads, transit, and
rail—and to help users of all modes make better deci-
sions about travel. ITS applications take advantage of
telecommunication, computer, sensing, and electronic
technologies to collect and dispense information about
transportation system performance, travel demand,
impending collisions, and in some cases weather and
environmental conditions. ITS concepts combine the
insight provided by this information with the power of
automation and other control technologies to improve
the efficiency and safety of the Nation’s transportation
system and to significantly

1. BACKGROUND

problems and provide benefits to travelers, motor car-
riers, and businesses.

ORIGINS OF THE NATIONAL ITS
PROGRAM

Before ISTEA, advanced intelligent transportation
technologies rarely made it outside the research labo-
ratory to “real-world” testing and evaluation of their
potential. Little ITS research extended beyond narrow
technical concerns to investigate the societal impacts
and institutional issues of broad-scale deployment.
The research climate
changed in 1988, when

enhance the travel options
and experiences of the
American public.

ISTEA authorized the U.S.
DOT to develop a national
ITS program, building on
decades of public and pri-
vate research into individ-

Congress passed ISTEA in 1991,
promoting a transition from an era of
system expansion through new
construction to a new age of system
management that more efficiently uses
the existing highway and
transit infrastructure.

senior DOT research offi-
cials, several universities,
State transportation offi-
cials, and the private sector
formed the Mobility 2000
group to identify the prior-
ities and benefits of a
national advanced trans-

ual ITS components and
limited applications (such
as basic traffic control and vehicle tracking). In the
late 1980’s, three events intensified interest in pursu-
ing more aggressive research, testing, and deployment
of ITS in the United States:

» Cost and performance breakthroughs were achiev-
ed in computer, sensor, and communication tech-
nologies.

» Traffic congestion, traffic safety, and air quality
were issues of mounting concern.

» European and Japanese markets experienced
aggressive development of ITS technologies.

These factors spurred ITS research efforts in the
United States to shift from conducting isolated
research projects to developing an integrated national
program. The program’s aim is to develop and deploy
ITS user services to solve entrenched transportation

portation technology pro-
gram. The group conclud-
ed that a “national policy {on ITS] should be formed
using input from Federal, State, and local levels. From
that policy, legislation and funding programs should
be developed to guide needed research, conduct oper-
ational testing and evaluations, and deploy systems on
a meaningful scale.”

In response to a request for comments on a variety of
ITS issues in May 1989, the Office of the Secretary of
Transportation received more than 100 comments from
both the public and private sectors that overwhelming-
ly supported the idea of a national ITS program.

Congress passed ISTEA in 1991, promoting a transi-
tion from an era of system expansion through new
construction to a new age of system management that
more efficiently uses the existing highway and transit
infrastructure. In addition to its focus on better man-
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agement of existing systems, ISTEA emphasized
intermodalism: seamless integration of multiple travel
modes.

In this spirit, the Intelligent Vehicle-Highway Systems
Act, a component of ISTEA, established the IVHS
Program (later renamed the Intelligent Transportation
Systems Program) and authorized approximately
$645 million in funding from 1992 through 1997. The
Act called for the implementation of a “national system
of travel support technology, smoothly coordinated
among modes and jurisdictions to promote safe, expe-
ditious, and economical movement of goods and peo-
ple.” Congress set forth ambitious goals for this new
program, which included the following:

* Enhancing safe and efficient operation of the
Nation’s highway systems, particularly system
aspects that will increase safety, and identifying
system aspects that may degrade safety.

* Reducing societal, economic, and environmental
costs associated with traffic congestion.

* Developing and promoting intelligent transporta-
tion systems and an ITS industry in the United
States.

» Enhancing U.S. industrial and economic competi-
tiveness and productivity.

e Enhancing, through more efficient use of the
Federal-aid highway system, the efforts of several
States to attain air quality goals established by the
Clean Air Act.

¢ Developing a technology base for ITS and estab-
lishing the capability to perform demonstration
experiments, using existing national laboratory
capabilities where appropriate.

 Facilitating the transfer of transportation technolo-
gy from national laboratories to the private sector.

To meet these goals, ISTEA required U.S. DOT, with
the assistance of State and local governments and pri-
vate partners, to undertake seven objectives:

* Promote widespread implementation of ITS to
enhance the capacity, efficiency, and safety of the
Federal-aid highway system and to serve as an
alternative to additional physical capacity of the
Federal-aid highway system.

¢ Promote standards and protocols to facilitate the
widespread, compatible use of ITS technologies.

» Develop and evaluate ITS field operational tests.
+ Establish an information clearinghouse.

» Establish an ITS Priority Corridors program to
evaluate technologies under real-world conditions.

* Develop a prototype of an automated highway and
vehicle system.

* Provide technical, planning, and operational test
assistance to State and local governments to en-
courage widespread deployment of ITS.

ITS AND THE CHALLENGES FACING
SURFACE TRANSPORTATION

ITS technology offers new and improved capabilities
for addressing current and anticipated transportation
issues and concerns. The ISTEA goal of widespread
deployment of intelligent transportation technologies
can enhance national transportation efficiency, safety,
and productivity by: (1) meeting future transportation
needs at a fraction of the cost of facility expansion or
new facility construction, (2) improving highway
safety through accident prevention and rapid emer-
gency response, and (3) reducing transaction costs for
the Government and transportation users. These ben-
efits of ITS deployment are outlined in the following
paragraphs.

IMPROVING EFFICIENCY OF PHYSICAL
INFRASTRUCTURE
For the past 40 years, Federal surface transportation

programs have focused on expanding and improving
highway and transit systems, which has benefited the
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public and industry. Yet transportation demand is out-
pacing the capacity of new and expanded facilities. In
1993, 69 percent of the peak-hour travel on urban free-
ways occurred under congested conditions, and grow-
ing congestion continues to nullify the benefits of past
transportation investments. Travel demand is also
expected to grow by 30 percent during the next
10 years in the largest 50 metropolitan areas. As a
result, improved highway management and transit
facility enhancements are essential to sustaining safe-
ty and performance.

By implementing a combination of new ITS infra-
structure along with new highway construction in
these 50 major urban areas, the United States can add
sufficient vehicle-handling capacity during the next
10 years to accommodate the projected increase in
travel demand over that time period. This means that,
in these 50 urban areas, congestion could be main-
tained at current levels over the 10-year period and
would not get any worse. Deploying ITS could reduce
the need for new roads, while saving taxpayers 35 per-
cent of required investment in urban highways.
Because ITS technology can enhance capacity and
improve throughput of the existing physical infra-
structure, it will also help preserve wetlands, parks,
open spaces, and neighborhoods.

IMPROVING HIGHWAY SAFETY

More than 41,000 individuals die and 5.2 million are
injured on the Nation’s highways and roadways each
year. In 1990, motor vehicle crashes and injuries cost
$137 billion—a large portion of which was in proper-
ty damage. Traditional Federal safety programs have
focused on vehicle “crashworthiness” features, such
as seat belts, child-safety seats, and air bags; roadside
improvements; and behavioral factors, such as seat
belt use and prevention/intervention of drunk driving
to minimize traffic injuries and fatalities. All have
contributed greatly to the impressive highway safety
record enjoyed by the United States compared with
other developed nations. These efforts are essential to
holding the line in highway safety. Nevertheless, auto-

mobile accidents remain a leading cause of death for
people ages 5 to 27. The U.S. must do more to
improve safety on our highways.

Advanced collision avoidance and vehicle safety sys-
tems will add a powerful new weapon to the traffic
safety arsenal, focusing on preventing accidents and
on mitigating the consequences of crash injuries. The
development of these technologies will ultimately
strengthen the goal of NHTSA's overall motor vehicle
safety program, which is to significantly reduce the
number of collisions and associated deaths, injuries,
and traffic congestion. A recent study by NHTSA esti-
mates that three types of collision avoidance systems
could potentially eliminate 1.1 million collisions per
year—17 percent of all collisions. In addition, other
ITS capabilities, such as incident management, emer-
gency response, automatic highway-roadway warn-
ing, and automatic carrier safety inspection, are being
advanced to make travel safer for drivers, passengers,
and nonmotorists.

ITS will enable more efficient use of existing physical
infrastructure. ITS, for example, will allow highway and
traffic managers and operators to dynamically respond
to changes in operations by providing information on
alternative routes, detecting and clearing incidents, or

adjusting traffic signals and ramp meters.
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REDUCING TRANSACTION COSTS

Many of the administrative systems supporting CVO
require manual processes and redundant data entry.
Most of these systems cannot share information
among States. Furthermore, motor carriers spend
between $500 and $900 per vehicle in labor costs to
carry out various regulatory administrative activities,
such as obtaining licenses and credentials and paying
fuel taxes. The cost burden for public sector enforce-
ment, inspection, and administrative activities is even
greater because tracking and data management are
labor intensive. Ultimately, the costs imposed by an
inefficient transportation system hinder the competi-
tiveness of businesses at home and abroad and raise
the cost of government.

Creating an electronic nationwide network that would
handle commercial vehicle regulatory and administra-
tive functions would greatly reduce the paperwork
associated with issuing credentials and conducting
other transactions. A nationwide commercial vehicle
information network would enable truckers to travel
from coast to coast and border to border, making no
more than one stop to verify compliance with inter-
state motor carrier regulations. A reduction in transac-
tion costs would benefit taxpayers directly and con-
sumers indirectly by lowering the cost of delivered
goods. A 1995 study by the American Trucking
Association’s Foundation estimates that automated
clearance and transaction services have a benefit-cost
ratio of 20 to 1 for large motor carriers. Pilot tests have
demonstrated that data collected on motor carriers’
performance can be used to identify higher risk carri-
ers that have poor safety records. This enables inspec-
tion and enforcement personnel to target carriers that
need compliance reviews, making more efficient use
of public sector staff while improving safety on the
roadways.

In other venues, toll- and fare-collection activities
often rely on antiquated, labor-intensive procedures
for collecting fees, requiring vehicles to wait in long
queues to pay tolls or cross borders. These procedures

are costly and inconvenient for toll facility operators,
as well as drivers. Deployment of ITS technologies for
electronic toll collection and transit fare payment can
speed collection of user fees and reduce the costs of
cash transactions. In Oklahoma, for example, main-
taining a single conventional toll booth costs $176,000
a year. Operating costs dropped to $16,000 per year per
toll booth when booths were equipped with electronic
debit systems, a cost reduction of 90 percent.

Beyond reducing government and user costs, ITS can
also provide critical information to improve transporta-
tion system operations, planning, and investment deci-
sions. The implementation of ITS technologies can
enable better management of surface transportation in
the same way that air traffic controllers have used
advanced automation technologies to better manage
the air system.

In addition, the availability of more accurate traffic and
transit system data has fostered the development of a
host of new traveler information services through a
variety of media, resulting in more informed travelers.
A Framingham, MA resident expressed how the
SmarTraveler real-time information service, which

Oklahoma City saved $160,000 per year per toll booth
when booths were equipped with electronic debit systems.
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THE SKkY’s THE LimiT: THE ANALOGY OF
ITS AND THE AIR TRAFFIC MANAGEMENT SYSTEM

Using real-time information to better manage traffic is not a new concept. Paralleling the application of ITS tech- -
nologies to surface transportation, the FAA began using advanced information systems to better manage air space.
more than a decade ago. ‘

Since the early 1970', the number of aircraft handled by U.S. air traffic controllers has doubled. By 2010, traffic at

the Nation’s 100 busiest airports is expected to increase by another 30 percent. The FAA anticipated this massive - '

growth more than 20 years ago when it realized that the United States could not build enough new airports and
runways to handle the demand. Instead of undertaking new construction, FAA and Congress made a commitment to
increase air transportation throughput and to improve air traffic management by introducing advanced information, -

‘communication, and electronic technologies and systems, Known as the advanced traffic management system, these

transportation technologies have enabled FAA to better manage air traffic growth by using improved air system data.

The air traffic management system has been developed and implemented in various phases, beginning with the air-

~ craft situation display, which provides every traffic manager with a clear overview of the entire airspace.This overview

provides controllers with accurate, real-time data and information, while allowing managers to consider variations in

flow and direction to make better use of the crowded skies. The sécond phase of the system is a monitor-and-alert
function that helps predict congestion, giving airspace operators the opportunity to adjust traffic patterns before

potential problems develop. The third phase, still in development, will provide current and expected air traffic infor-

mation to airlines, allowing them to modify their flight plans to help reduce problems. .

The entire air system is managed more efficiently because traffic managers have access to information systems that
allow data to be collected, displayed, and analyzed. The advanced air traffic management system has greatly enhanced
FAA's ability to increase throughput, reduce delays, and more effectively use existing airport and en route airspace
capacity—all without building new runways. ‘

In addition, air traffic information has already enabled airlines to better manage their fleets, load factors, and crew
assignments. It has saved carriers tens of millions of dollars while improving their on-time performance and customer

. satisfaction. Air carriers are now developing their own traffic management centers and creating new ways to use

FAA’s air traffic flow data. The Wall Street Journal recently reported that Delta Airlines built a new traffic operation
control center, which is expected to save the company at least $35 million a year in prevented delays and schedule

" disruptions.

- The Nation’s surface transportation facilities share many of the challenges of the air traffic system: squeezing more

efficiency from limited physical facilities, reducing delays, improving safety, and enhancing customer satisfaction. Like
the advanced air traffic management system, ITS will enable more efficient use of existing physical infrastructure, pro-

~ vide valuable real-time information (such as information on delays, alternative routes, environmental conditions, and

potential collisions) to managers and operators to improve system performance and safety, and allow managers to
dynamically respond to changes in operations by altering routes or adjusting traffic flow. U.S. DOT expects to deliv-
er similar benefits achieved by the advanced air traffic management system, except that this time the goal will be the
advancement of more efficient surface transportation systems.
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began as a U.S. DOT-sponsored field operational test,
affected the quality of travel: “It used to be that the
MBTA [the metropolitan transit authority] phone was
always busy when it snowed, but the SmarTraveler line

is never busy, and it also provides traftic information,
so I know how bad the traffic really is . . . It makes it
easier to make decisions.”
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II.THE NATIONAL ITS PROGRAM

Leading transportation researchers and experts
across the Nation have developed diverse visions
for improving the performance of surface transporta-
tion systems through state-of-the-art technologies.
The partners in the national ITS Program—U.S. DOT,
ITS America, and others—have melded these visions
into a cohesive strategy, charting a course for ITS in
America that is guided by the unified, public-private,
20-year IVHS Strategic Plan. Supporting goals and
objectives for ITS are set forth in the National ITS
Program Plan and underscored by consensus develop-
ment of a national ITS architecture, which serves as a
blueprint to ensure that public sector and private
industry deployments are compatible from State to
State and city to city. The accomplishments of U.S.
DOT’s multifaceted program have advanced the state
of technology and deployment and established the
United States as an industrial and technological leader
in key ITS areas.

Throughout its history, four principles have guided the
vision of the ITS Program:

o Research and develop ITS technologies to solve
problems of surface transportation congestion,
safety, efficiency, and mobility.

« Ensure that newly developed ITS technologies and
services are safe and cost effective.

» Promote and support the development of an inter-
operable and integrated system that reduces risks
and costs to users, as well as to the public and pri-
vate sector providers of ITS products and services.

+ Identify and emphasize private sector involvement
in all aspects of the program.

PROGRAM ACTIVITIES

Over the past 5 years, the national ITS program has
grown, matured, and established a firm foundation for
carrying out the goals set forth by ISTEA. The pro-
gram addresses six broad categories of activities and
systems related to ITS:

Enabling research focuses particularly on the
comprehensive system architecture and associated
standards. Research lays the foundation for nation-
al compatibility among all ITS components. In
addition this activity investigates human factors to
ensure that ITS products are safe and user friendly.
Research also attempts to improve the capabilities
of technologies, such as communication and loca-
tion-referencing systems, that enable ITS services
to function effectively.

Advanced metropolitan travel management sys-
tems include a great range of ITS services that
address traffic management, traveler information,
and transit management. Services include
advanced traffic management systems (ATMS),
advanced traveler information systems (ATIS), and
advanced public transportation systems (APTS).

Advanced rural transportation systems (ARTS)
apply many of the ITS services in other categories
to address the unique safety and mobility problems
of diverse rural communities.

Commercial vehicle operations (CVO) can be
enhanced through advanced technologies and
information networks to increase productivity and
efficiency for both fleet operators and State motor
carrier regulators. The Federal ITS/CVO program
focuses particularly on ITS application to safety,
inspection, and other regulatory processes associat-
ed with commercial vehicles.

Advanced collision avoidance and vehicle safety
systems aim to improve driver and pedestrian safe-
ty through human-centered vehicles equipped with
technologies that can warn of or help the driver
avoid impending crashes, monitor driver alertness,
or automatically signal for help immediately after a
collision.

Automated highway systems (AHS) will take the
potential of vehicles equipped with crash avoid-
ance technology to a new level. Research in this
area is centered on the potential benefits and feasi-
bility of a smart vehicle that can communicate with
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a smart infrastructure. Because the AHS will share
many subsystems with collision avoidance sys-
tems, such as vehicle-based sensors, computation-
al elements, and the driver interface, the two
research programs are closely coordinated.

For each of these program areas, the ITS Program
engages in two major categories of activities: research
and technology development and foundational plan-
ning to support nationwide deployment in metropoli-
tan areas, rural communities, and interstate corridors.

RESEARCH AND TECHNOLOGY

Research and technology efforts have embraced both
laboratory and field testing of ITS technologies and
applications. In particular, initial laboratory and field
testing has proven the technical feasibility and bene-
fits of several first-generation ITS technologies and
services, especially those aimed at metropolitan travel
and CVO. As a result, the focus of new field testing is
shifting away from nearly market-ready ITS services
toward technologies that, until recently, were confined
to the laboratory: advanced collision avoidance and
vehicle safety systems and next-generation traffic and
transit management systems. One of the most notable
of these systems is the real-time traffic-adaptive signal
control system (RT-TRACS), which advances the state
of the art in demand-responsive traffic control. Field
testing of advanced rural transportation applications
will also intensify as the national program emphasizes
the critical mobility and safety needs of rural commu-
nities. Long-term research will continue to focus on
working with the private sector to develop marketable
advanced crash avoidance technologies and to investi-
gate their potential application to future automated
highways. The next frontier in travel management will
be automating numerous traffic and transit manage-
ment functions and developing the traffic control cen-
ter of the future.

DEPLOYMENT SUPPORT

ITS deployment will require the support of innovative
public-private partnerships. The U.S. DOT anticipates

that the public sector will lead in building an ITS
infrastructure—a communication and information
backbone to support and integrate essential ITS ser-
vices so that they are interoperable and intermodal.
We expect that the private sector will lead in develop-
ing and introducing reliable, affordable ITS products
and services to the market, reassured by consistent
Federal support and guidance. The portions of the ITS
Program that support near-term deployment include
architecture, standards, model deployments, “main-
streaming” of ITS planning, technology transfer, and
training efforts.

Five years after the passage of ISTEA, the U.S. DOT
has fulfilled the objectives of Congress. U.S. DOT’s
research and field tests have proven that ITS can
enhance capacity, reduce costs, and increase safety.
But these efforts have also revealed that, without
Federal leadership, intermodalism will likely be hin-
dered by fragmented ITS deployment characterized by
“electronic stovepipes,” rather than integrated infor-
mation networks. In light of these findings, U.S. DOT
has established as its primary goal the creation of an
intelligent transportation infrastructure “across the
Country within a decade to save time and lives and
improve the quality of life of all Americans.” This
deployment goal has three elements:

¢ Full implementation of a metropolitan intelligent
transportation infrastructure, including advanced
traffic management, traveler information, and
public transportation system capabilities, in 75 of
the Nation’s largest metropolitan areas within
10 years. In January 1996, then Secretary Pefia
announced Operation TimeSaver, an initiative
designed to motivate metropolitan areas to build
ITS infrastructure to reduce travel times for all
modes by 15 percent.

* The implementation of Commercial Vehicle
Information Systems and Networks (CVISN) that
integrate multiple ITS/CVO services to achieve
safe and efficient shipping operations and enable
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electronic business transactions by the year 2005
in all interested States.

» The development of a rural ITS infrastructure to
improve safety and mobility in 450 rural commu-
nities and small towns, with an eye toward linking
rural ITS services with ITS infrastructure in adja-
cent metropolitan areas.

PROGRAM MANAGEMENT

The multifaceted ITS Program compelled U.S. DOT
to reexamine its traditional way of doing business. In
May 1994, the Department established the ITS Joint
Program Office (JPO), which called for unprecedent-
ed interagency cooperation involving many of U.S.
DOT’s modal administrations, to manage the ITS
Program. Housed at FHWA, the JPO has three prima-
ry objectives:

« Provide strategic leadership for ITS research,

development, testing, and deployment.

« Guide and coordinate the development of policies.

+ Ensure resource accountability.

The JPO acts as a liaison among the modal adminis-
trations and receives policy guidance directly from the
ITS Management Council, which is chaired by the
Deputy Secretary of Transportation. A strategic plan-
ning group consisting of the JPO Director and office
directors from all the program areas—the associate
administrators from various modal administrations—
also provides strategic planning, budgetary, and pro-
gram guidance. Offices within the various program
administrations (i.e., FHWA, NHTSA, FTA, FRA, and
RSPA) are responsible for the actual implementation
of ITS activities. Exhibit II-1 shows the JPO’s man-
agement structure.

Since its inception, the JPO has undertaken a number
of initiatives and responsibilities to improve oversight
of ITS projects:

e In each of the program areas, the JPO developed
road maps—detailed work plans that established
milestones and critical paths for achieving program
objectives.

» The office sharpened the project selection process,
seeking proposals that feature firm agreements
among partners and establish institutional relation-
ships. It also formally selects operational tests
based on the overall program goals, using defined
and clear criteria.

e The office implemented a project-tracking data
base.

+ In 1996, the JPO created an integrated program
spending plan that tracks committed and obligated
funding and cost-sharing arrangements.

 All program leaders report progress on delivery of
projects at quarterly program reviews. Changes to
cost and schedule are also reported and discussed
at these reviews.

The Federal Government is only one of many actors
fostering the implementation of ITS technologies. The
U.S. DOT consults with ITS America, which acts as a
Federal advisory committee to U.S. DOT. ITS
America is a nonprofit educational and scientific soci-
ety charged with coordinating and accelerating the
development and deployment of advanced technolo-
gies in surface transportation. A public-private part-
nership, its 1,500 organizational members include
Federal, State, local, and foreign government agen-
cies; national and international corporations; universi-
ties and research laboratories; and transportation-relat-
ed associations, including affiliated State chapters.
ITS America sponsors workshops, conferences, and
symposiums to discuss research and testing, the
results of which are published or posted on the
Internet. It has also partnered with U.S. DOT to pro-
duce strategic plans, gain consensus on the national
ITS architecture, and identify priorities for develop-
ment of standards.
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ExHiBIT 1I-1
ITS PROGRAM MANAGEMENT STRUCTURE FOR FY 1996%*

Department Of Transportation
intelligent Transportation Syst
MANAGEMENT COUNCIL
Mortimer Downey, Chair

ITS Management
Council

Includes those noted in boxes and
listed above the black line.

Michael Huerta
Associate Deputy Secretary and
Director, Office of Intermodalism

Frank Kruesi I | I
Assistant Secretary for

Depuly Secretary of Transportation

LoT m."s”ors':ml'i Policy Federal Federal National Highway Federal
uise oSroi . s . o
Assistant Secretary for Budget nghway Transit Traffic Safery Rullwuy

Administrator
Jolene Molitoris

Administrator Administrator Administrator

Rodney Slater**

ond Programs
Dharmendra Sharma
Administrator, Research and
Special Programs Adminstration
Fenton Carey
Associate Administrator, Research
and Special Programs Administration

Gordon Linfon Ricardo Martinez

Intelligent
Transportation

Federal Railroad
Administration

Federal Transit
Administration

Federal Highway
Administration

ITS Strategy
Planning Group

Systems Joint Associate Administrator Research Director,
Includes those listed in boxes Program Office For Safety & Systems Demonstration Office of Research
below the black fine. Director Applications And Innovation and Development

Christine Johnson Dennis Judycki Edward Thomas Steven Ditmeyer

* Troffic Management/ * Intermodal Rail Inferfaces

Traveler Information

* Public Transporfation

Federal Highway
Administration

Federal Highway Federal Highway Federal Transit

Administration Administration Administration
Associate Associate Associate Associate

Administrator For

National Highway Traffic
Safety Administration
Associate Administrator

Administrator For Administrator For

Administrator For For Research

Research And Development Motor Carriers Program Development Planning And Development
- Robert Betsold George Reagle Thomas Ptak Charlotte Adams William Boehly
* Traffic Management/ * CVO * Collision Avoidance

Traveler Information

Research and Development
* CVO Research and Development
* Automated Highway Systems

*This chart shows management structure as of 12/31/96
**Rodney Slater became Secretary of Transportation in February 1997.

PROGRAM ACCOMPLISHMENTS

Since its creation by ISTEA, the national program has
advanced the frontier of knowledge of technical and
institutional issues related to ITS applications (see
Exhibit II-2). The program has accelerated develop-
ment of promising technologies, created innovative
applications to solve transportation problems and ful-
fill user needs, and helped spur ITS deployment in the
Nation’s metropolitan areas, rural communities, and
interstate corridors.

In the decade before ISTEA, rapid technological
advances in electronics and computing power, com-
bined with their declining costs, spurred the develop-
ment of innovative technologies aimed at surface
transportation. By the time ISTEA was authorized in
1991, however, there was great uncertainty about the
effectiveness of these ITS technologies and confusion
over their real benefits and costs. For example,
although the technical aspects of traffic and transit
management technologies were reasonably under-
stood in principle, the technologies were not widely
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used. The motor carrier industry and regulators were
also familiar with technologies to better manage
fleets and inventories, but were unclear about the
potential of technologies that could improve safety
and streamline regulatory processes. Little was
known about how ITS technologies could work
together and share information, because standards
and technical and institutional frameworks had not
been defined or developed.

Five short years after the ITS Program’s creation, U.S.
DOT possesses sufficient technical understanding to
promote the widespread use of several intelligent
transportation services and overcome institutional
impediments to their acceptance. We have defined a
national architecture—a blueprint for building com-
patible and interoperable ITS services—and identified
critical standards. We have established the importance
and value of integrated ITS services in place of frag-

ITS Element
Metropolitan Travel Mgmt.

Traffic Management Technical
Institutional
Traveler Information Technical
Institutional
Transit Management Technical
Institutional
Rural Applications Technical
Institutional
ITS/CVO Technical
Institutional
Crash Avoidance Technical
Institutional
AHS Technical
Institutional
Architecture & Stds. Technical
Institutional

Constraints

ExHiBiT 11-2
PrRevious AND CURRENT KNOWLEDGE OF ITS ELEMENTS

Level of Knowledge

Conceptual and Major Uncertainfies Reasonably Well Basic Practical and Understanding .
Visionaryz Totally as to Technology, Understood in Operational Sufficient for
Unproven Benefits, Cost, and Principle Understanding Widespread Use in

Sophisticated
Applications
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ITS PROGRAM HIGHLIGHTS FOR FY 1996

FY 1996 was a pivotal year in which the ITS Program established clear deployment goals for the
Nation. The year also saw the fruition of R&D efforts as advanced crash avoidance technologies and
next-generation dynamic traffic control technologies progressed from the laboratory to field testing.
All these accomplishments rest on the foundation established by previous efforts. The Department’s
highlights for FY 1996 include the following:

» We identified a “core” public ITS infrastructure, called the metropolitan intelligent transporta-
tion infrastructure, to support the interoperability and integration of advanced metropolitan trav-
el management systems.

* We unveiled Operation TimeSaver, which establishes a clear deployment goal: to build the intel-
ligent transportation infrastructure in 75 of the Nation’s largest metropolitan areas within 10 years.

»  We delineated the needs and strategies for building CVISN, a communication and information
infrastructure that will facilitate the deployment and integration of ITS/CVO services that improve
the productivity, safety, and efficiency of commercial operations.

* We launched the MDI, which will showcase an integrated metropolitan ITS infrastructure in four
major metropolitan areas and demonstrate its advantages so that others can learn and benefit. We
also selected pilot projects in seven regional trucksheds to build CVISN. We have successfully
demonstrated the essential concepts of CVISN at two prototype sites in Virginia and Maryland.

* We finalized a national ITS architecture that will guide system design, integration, and interop-
erability of ITS user services and will help with the development of the ITS infrastructure.

« We signed cooperative agreements with five SDOs to advance critical standards that promote
compatibility and interoperability of ITS technologies and guide design and development of ITS
services.

¢ The FTA, in support of the ITS Program, developed a comprehensive APTS program plan that
presents the goals and objectives of near- and long-term projects. FTA has also developed an
advanced rural transit plan to identify how APTS technologies can support transit systems that
serve rural communities.

» We drafted a strategic plan for ARTS, which identified seven critical program areas. This docu-
ment will guide the development of a research and field-testing program to demonstrate a variety
of rural ITS applications.

¢ We completed preliminary performance guidelines addressing the sensing, processing, and dri-
ver interface elements of several advanced crash avoidance and safety systems, and we began the
first field tests of automated collision notification systems and intelligent cruise control.
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ITS PROGRAM HIGHLIGHTS FOR FY 1996 (CONT.)

NHTSA completed its strategic plan for the advanced collision avoidance and vehicle safety sys-
tem program, which outlines the causes and costs of motor vehicle crashes, appropriate ITS coun-
termeasures, and research and testing plans.

We developed an advanced dynamic traffic control strategy, RT-TRACS, that will advance state-
of-the-art traffic signal control based on real-time demand.

We completed a strategic plan for building professional capacity to educate transportation profes-
sionals about human resource and skill requirements for implementing, operating, and maintaining
traffic, traveler, and transit ITS services. We are also developing course curricula to address training
needs.

We developed a mainstreaming plan to incorporate ITS within the traditional transportation plan-
ning processes used by MPOs, transit properties, cities, counties, and State DOTs. This plan allows
ITS to be evaluated as competitive and viable transportation projects, rather than relegated to the
sidelines as “exotic” luxuries.

We demonstrated some of the initial concepts for coordinating and integrating multiple ITS ser-
vices to millions who attended the Olympics in Atlanta, GA.

As part of our CVO mainstreaming activities, we have encouraged 33 States to develop seven
regional forums that are designed to improve motor carrier operations, build professional capacity,
and explain the purposes, technologies, costs, and benefits of ITS/CVO to State legislatures, private
industry, and the public.

We held a kick-off ceremony at the site of the upcoming AHS demonstration, which will take place
in San Diego, CA, in 1997.

We developed a Federal Communications Commission (FCC) strategy that aims to secure a por-
tion of the spectrum for specific ITS uses. This strategy identified the need for dedicated short-range
communications to support a number of ITS applications, particularly those that provide the short-
range communication links between vehicles on the roadway and equipment on the roadside.

We developed an augmented GPS strategy that will enable ITS user services that use location-ref-
erencing technologies to more precisely identify locations of vehicles and travelers.

We launched the intelligent transportation infrastructure deployment monitoring system to mea-
sure baseline investment in, and track development of, the intelligent transportation infrastructure in
75 large metropolitan areas.

We incorporated the highway-railroad intersection user service within the national ITS
architecture.
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mented ITS deployment, as well as the need for an
underlying information and communication infrastruc-
ture to enable integration. Although crash avoidance
technologies and AHS must still overcome technical
and market uncertainties, U.S. DOT’s focused research
and testing has steadily advanced these technologies
from concept toward reality.

WHAT HAVE WE ACHIEVED?

The achievements of the ITS Program since 1991 are
significant. In a 5-year period, we have built a solid
foundation for national deployment of ITS and made
breakthroughs in developing vehicle safety and infor-
mation technology. The following paragraphs describe
the major accomplishments to the ITS Program.

Defined a Vision for the ITS Program

In 1992, the U.S. DOT and ITS America published
complementary ITS visions and strategic plans. In
March 1995, the two organizations jointly published
the National ITS Program Plan, written cooperatively
to guide the development and deployment of ITS ser-
vices. Acknowledging the key roles that local public
and private sectors will play in ITS implementation,
the plan was developed through a consensus-building
process. More than 200 individuals and organizations
commented and provided input on the plan, while
more than 4,000 draft copies were distributed to ITS
America members, U.S. DOT staff, and the general
public through the Federal Register. The JPO’s coor-
dination of road maps, which mark milestones and
critical paths for achieving key program objectives,
builds on the plan’s foundation.

Tested the Viability of Technologies and
Applications

The U.S. DOT has stewarded 83 field operational tests
that demonstrate the viability of first-generation ITS
technologies and services; 28 tests have been com-
pleted. These tests have helped identify and resolve
technical issues, created new models of institutional
cooperation, and shown how several technologies can
reduce congestion, improve emergency response time,

increase transit system productivity and passenger
convenience, and reduce the environmental impact of
transportation. The results of these tests are docu-
mented in Field Operational Tests: Lessons Learned
and Analysis of ITS Operational Tests: Findings and
Recommendations. Appendix C describes the objec-
tives of each of the 83 operational tests.

Evaluated Societal Benefits

Several studies conducted by U.S. DOT and others
have shown how ITS technologies can have a favor-
able impact on transportation efficiency, productivity,
safety, user satisfaction, and the environment.
Exhibit II-3 shows the coverage of measured, predict-
ed, and anecdotal results, which are continually
updated and improved as U.S. DOT investigates and
evaluates field operational tests and early deploy-
ments. The findings of 11 of the most recent major
studies sponsored or performed by U.S. DOT are
shown in Exhibit II-4.

Research on the public benefits of ITS establishes a
compelling national interest in launching the ITS
infrastructure to both realize the vision and mission of
ISTEA and engender a new array of private sector
goods and services in much the same way that the
Internet has.

Launched an Aggressive Research and Technology
Program

The national ITS Program has helped ITS evolve from
arelatively visionary concept to a viable and attractive
solution for transportation problems. To a large
degree, general concerns about the technological lim-
itations of ITS have either been refined to specific
questions or have been resolved. Among its many
achievements, the program has refined real-time adap-
tive traffic control; improved vehicle tracking tech-
nologies used in public transportation, emergency
response, and CVO; developed guidelines to help
ensure that traffic management systems and in-vehicle
navigation displays are user-friendly and safe; and
promoted architecture and standards to ensure that ITS
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ExHiBIT 11-3

DOCUMENTATION OF PRIMARY ITS BENEFITS

Types of Evidence Documenting ITS Benefits

ITS Technology Time Increased Cost Reduction Reduction Customer
. . in in . .
Savings Throughput | Reduction Accidents Fatalities Satisfaction
Measured Measured Measured Measured
ATMS Anecdotal Anecdotal Measured Anecdotal Anecdotal Measured
Predicted Predicted Predicted
Measured
. . Anecdotal Measured
ATIS I/)xrr:&cigfetgl Predicted Evaluating Predicted Anecdotal Anecdotal
Measured Measured
APTS Anecdotal Anecdotal Anecdotal
Predicted Predicted
Measured
ARTS Evaluating Evaluating Anecdotal Predicted Evaluating
Predicted
Measured Measured
ITS/CVO IXIeas;ilrft:dl Anecdotal ?ni{fdo? Predicted Anecdotal
necdota Predicted redicte Predicted
Adv. Collision Measured
Avoidance & | Predicted Anecdotal Evaluating Evaluating
Safety Systems Predicted
AHS Evaluating Predicted Evaluating Evaluating Evaluating Evaluating
Integrated Anecdotal
Sy;gtems Predicted Predicted Predicted P rr::edci c?ecell Evaluating Evaluating

Adapted from Review of ITS Benefits: Emerging Successes.

Notes:

e Measured: Outcome results from field measurement of desired quantities through engineering studies, which
are the most compelling evidence.

e Anecdotal: Output measures or estimates made by people directly involved in fielded projects, which are
also compelling, but less reliable than measured outcomes in terms of quantitative benefit estimates.

¢ Predicted: Results from analysis and simulation, which can be useful tools to estimate impact of an ITS
deployment when field experience is not available or when projects are not of sufficient scope to determine

system impact.

¢ Evaluating: Benefits are undocumented because they are currently being or will be evaluated.

e Blank: ITS technology is not expected to have a significant direct or indirect impact.
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ExHiBIT 11-4

DOCUMENTATION OF ITS BENEFITS

Document Date Description Findings
National January This study, prepared by Apogee Research The deployment of the 9 elements of the
Investment and 1997, un- | for ITS America and U.S. DOT: (1) estimates| metropolitan intelligent transportation
Market Analysis | published | public sector investment requirements to infrastructure in the largest 297
forITS draft deploy basic ITS infrastructure nationwide metropolitan areas in the United States
by year 2005, (2) quantifies direct benefits, | would have an overall benefit-cost ratio
(3) estimates size of private sector market; of 5.7:1.
and (4) identifies and evaluates national
economic impact. The deployment of these same elements
in the 75 Operation TimeSaver
The study is an analytical framework based | metropolitan areas would have a benefit-
on analyses conducted as part of the cost ratio of 8.8:1. More than 80 percent
national ITS architecture efforts. The of the benefits are from increased safety
framework employs the best publicly and reduced congestion.
available information on the costs and
benefits of deploying ITS.
An Estimate of February | This study, prepared by Mitretek for the This study estimates that buying smarter
Transportation 1997, ITS JPO, estimates the cost savings of by deploying ITS reduces the need for
Cost Savings by | latest metropolitan ITS infrastructure for 50 major | new roads, while saving taxpayers 35%
Using Intelligent | version urban areas to keep up with expected new of required investment in urban
Transportation (unpub- travel demand over the next 10 years. highways. The build-only alternative
System (ITS) lished) would require 44,000 new lane-miles to
Infrastructure The study employs a life-cycle analysis keep up with travel demand over the
(10 years of investment, out to 20 years of next 10 years in 50 major urban areas.
operations) to compare two alternatives: The deployment of ITS would reduce
(1) new highway construction (build-only) required new lane-miles to 15,000.
and (2) ITS plus limited road building. The
results are discounted to 1996 using a
7 percent annual rate.
Preliminary October The study, performed by NHTSA, estimates | The study predicts that three types of
Assessment of 1996 the benefits of three types of advanced collision avoidance systems, rear-end
Crash Avoidance collision avoidance systems in terms of collision avoidance, lane-change/merge
Systems Benefits number of crashes avoided. crash avoidance, and road-departure

The study uses probability analyses based on
information from NHTSA's traffic accident
data base and preliminary experimental data
from NHTSA's advanced collision
avoidance program.

warning systems, could eliminate

1.1 million vehicular collisions each
year—17% of all vehicular crashes.
This estimate presumes that all vehicles
in the United States would be equipped
with these collision avoidance systems.

These predictions must be considered
preliminary pending further research,
refinement of estimates of potential
countermeasure effectiveness, and field
experience.




1. THE NATIONAL ITS PROGRAM

ExHiBIT 11-4 (CONT.)

DOCUMENTATION OF ITS BENEFITS

Document Date Description Findings
Review of ITS September | This document, prepared by Mitretek for Highlights of the 75 studies reviewed in
Benefits: 1996 the ITS JPO, presents the findings of this report are provided throughout
Emerging approximately 75 studies related to ITS Chapter IIL
Successes impact on time savings, number of crashes,
fatalities, throughput, cost reductions, and
energy and the environment. The review
distinguishes measured, predicted, and
anecdotal results from evaluations of field
operational tests and early deployments, and
academic studies.
Benefits July The study, prepared by Volpe National The analysis projects that total benefits
Assessment of 1996 Transportation Systems Center for FTA, over 10 years for 265 APTS system
Advanced Public considers the deployment of APTS deployments would range from
Transportation technologies for a total of 200 motorbus, $3.8 billion to $7.4 billion. The annual
Systems 212 demand-responsive transit, 16 light-rail, | APTS benefits, over the next 10 years,
and 14 heavy-rail transit systems. For each | from these deployments are projected to
of these systems, data representing the 1993 | range from $546.6 million to as high as
financial, operating, and performance $1.1 billion. Approximately 44% of the
characteristics (as reported by these transit total benefits are accrued from fleet
systems under Section 15) were used to management system deployments, 34%
predict the benefits of APTS deployments from electronic fare payment system
for a 10-year period (1996-2005). applications, 21% from traveler
information system deployments, and
the remaining 1% from demand-
responsive transit systems.
Assessment of June The study, performed by the American The study estimates the following
Intelligent 1996 Trucking Association's Foundation for benefit-cost ratios for three sizes of
Transportation FHWA, evaluates the potential benefits and | carriers:
Systems/ costs of ITS/CVO technologies for motor o Commercial vehicle administrative
Commercial carriers that are classified as small processes: small (1.0:1), medium
Vehicle (1-10 units), medium (11-99 units), and (4.2:1), and large (19.8:1).

Operations User
Services:
ITS/CVOo
Qualitative
Benefit/Cost
Analysis

large (> 99 units). The calculated benefits
are restricted to reduced labor expenses
associated with regulatory compliance based
on survey results from 700 motor carriers.

The costs are based on actual 1995 product
prices obtained from 170 vendors.

o Electronic clearance for motor
carriers that pay drivers based on
hours worked: small (3.3:1 to 6.5:1),
medium (3.7:1 to 7.4:1), and large
(1.9:1t03.8:1).

» Automated roadside safety inspections
for motor carriers that pay drivers
based on hours worked: small (1.3:1),
medium (1.4:1), and large (1.4:1).

e Onboard safety monitoring: small
(0.18:1 to 0.49:1), medium (0.06:1 to
0.16:1), and large (0.02:1 to 0.05:1).

o Hazardous materials incident
response: small (0.3:1), medium
(1.1:1), and large (2.5:1).

o Freight mobility: Mobile
communications can yield benefit/cost
ratios ranging from 1.5:1 to 5.0:1.
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ExHiBIT 11-4 (CONT.)
DocUMENTATION OF ITS BENEFITS

Document Date Description Findings

Assessment of April This study, performed by Mitretek for the Highlights of the studies reviewed in
ITS Benefits: 1996 ITS JPO, is a precursor to Review of ITS this report are provided throughout
Results from the Benefits: Emerging Successes and presents | Chapter 1L
Field the findings of estimated and measured

effects of ITS field operational tests and

early deployments.
Intelligent ) January This document, prepared by Mitretek for The study predicts the following
Transportation 1996 FHWA, presents benefits of seven of the benefits:
Infrastructure nine components of metropolitan intelligent | o Traffic signal control systems: travel
Benefits: transportation infrastructure. For each of time (decrease 8-15%), travel speed
Exp ec{ed and these components, the document presents (increase 14-22%), vehicle stops
Experienced the range of reported effects on travel time, (decrease 0-35%), delay (decrease

travel speed, freeway capacity, accident rate,
fuel consumption, and vehicular emissions.
The benefits results are based on a review of
approximately 50 studies of the actual and
predicted effects of ITS operational tests
and field deployments.

17-37%), fuel consumption (decrease
6-12%), emissions (decrease CO by
5-13% and decrease HC by 4-10%).
Freeway management systems: travel
time (decrease 20-48%), travel speed
(increase 16-62%), freeway capacity
(increase 17-25%), accident rate
(decrease 15-50%), fuel consumption
(decrease fuel used in congestion by
41%), emissions (decreases in CO,
HC, and NOx).

Transit management: travel time
(decrease 15-18%), service reliability
(increase 12-23% in on-time
performance), security (decrease
incident response time to as little as
one minute), cost effectiveness (45%
annual return on investment).
Incident management: incident
clearance time (decrease 8 minutes for
stalls and decrease wrecker response
time by 5-7 minutes), travel time
(decrease 10-42%), and fatalities
(decrease 10% in urban areas).
Electronic fare payment : patron
popularity (up to 90% usage where
available), fare collection (increase
3-30%), and data collection costs
(decreased $1.5 to $5 million).
Electronic toll collection: operating
expenses (decrease up to 90%),
effective capacity (increase 250%),
fuel consumption (decrease 6-12%),
emissions (decrease CO by 72%,
decrease HC by 83%, and decrease
NOx by 45% per affected mile).
Multimodal traveler information:
travel time (decrease 20% in incident
conditions and decrease 8-20% for
vehicles equipped with in-vehicle
navigation systems), fuel
consumption (decrease 6-12%), and
emissions (decrease HC by 33% from
affected vehicles and decrease NOx
by 1.5% from affected vehicles).
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ExHiBIT 11-4 (CONT.)

DOCUMENTATION OF ITS BENEFITS

Document Date Description Findings
Assessment of January This study, performed by Mitretek, is a Highlights of the studies reviewed in
ITS Benefits: 1996 precursor to Review of ITS Benefits: this report are provided throughout
Early Results Emerging Successes and presents the Chapter II1.

findings of approximately 50 benefit studies.
Intelligent 1996 This document, prepared by ITS America, Highlights of the studies reviewed in
Transportation summarizes nine success stories illustrating | this report are provided throughout
Systems Action how ITS solutions eased congestion, Chapter III
Guide increased efficiency, improved safety,

improved air quality, assisted elderly and

disabled travelers, enhanced emergency

response, and improved productivity. The

areas in the action guide include Abilene,

TX; Houston; Kansas City, MO;

Montgomery County, MD; Oakland County,

MI; the Oklahoma Turnpike Authority;

Phoenix; Winston-Salem, NC; and the

trucking corridor from Florida to Ontario.
Traveling With 1995 This document, prepared by Public Highlights of the studies reviewed in

Success: How
Local
Governments
Use Intelligent
Transportation
Systems

Technology, Inc., for FHWA, presents the
stories of 31 successful local government
ITS initiatives. These studies illustrate how
ITS technologies have helped ease problems
in eight categories of local transportation
concerns: traffic management, parking
solutions, mass transit, incident
management, traveler information, traffic
safety, toll collection, and public safety.

The document also provides anecdotal
benefits of integrated systems in Atlanta,
Houston, and Oakland County, MI.

this report are provided throughout
Chapter III.

21



IMPLEMENTATION OF THE NATIONAL ITS PROGRAM: 1996 REPORT TO CONGRESS

products and services.

Travel and Transportation Management
En Route Driver Information*
Route Guidance
Travel Service Information
Traffic Control
Incident Management
Emissions Testing and Mitigation
Highway-Rail Intersection Systems

Travel Demand Management
Demand Management and Operations
Pre-trip Travel Information
Ride Matching and Reservations

Public Transportation Operations
Public Transportation Management
En Route Transit Information
Personalized Public Transit
Public Travel Security

Electronic Payment
Electronic Payment Services

infrastructure

ExHiBIT 11-5
ITS USER SERVICES

ITS user services are defined, not along lines of common technologies, but by how they meet the safety, mobility,
comfort, and other needs of transportation users and providers. They represent essential, but not exclusive, ITS

Commercial Vehicle Operations

Emergency Management

Advanced Vehicle Control and Safety Systems

* Italicized services represent the basic capabilities of the metropolitan intelligent transportation

Commercial Vehicle Electronic Clearance
Automated Roadside Safety Inspections
Onboard Safety Monitoring

Commercial Vehicle Administrative Processes
Hazardous Material Incident Response
Freight Mobility

Emergency Notification and Personal Security
Emergency Vehicle Management

Longitudinal Collision Avoidance

Lateral Collision Avoidance

Intersection Collision Avoidance

Vision Enhancement for Crash Avoidance
Safety Readiness

Pre-crash Restraint Deployment
Automated Highway Systems

services are compatible and interoperable. The pro-
gram’s most significant accomplishment may well be
the breakthroughs it has made in showing the value
and, in several cases, the technical feasibility of the
precursors of smart vehicles—systems that help dri-
vers avoid collisions, provide route guidance informa-
tion, and monitor driver alertness. The U.S. DOT is
now poised to launch a major series of operational
tests and begin integrating these individual ITS ele-
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ments into a human-centered in-vehicle configuration.
The smart vehicle initiative will build on the research
undertaken by the advanced collision avoidance and
vehicle safety system program, administered by
NHTSA. The advanced collision avoidance research
deepens our understanding of the causes of vehicular
collisions, identifies and evaluates how these collisions
can be avoided, and collaborates with industry to
develop effective collision avoidance products. The
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research program also investigates the effectiveness
and benefits of prototype systems and the factors that
influence performance and safety, particularly for inex-
perienced and older drivers. A key result of the pro-
gram will be the establishment of performance specifi-
cations to guide the design and manufacture of crash
avoidance products.

A closely related research effort concerns the evolu-
tion of advanced collision avoidance and vehicle con-
trol systems into AHS. ISTEA specifically required
U.S. DOT to develop an automated highway and vehi-
cle prototype from which future fully automated ITS
can be developed. The legislation further required
U.S. DOT to demonstrate the technical feasibility of
an automated highway concept by FY 1997. In August
1997, U.S. DOT and its partners will demonstrate this
concept on an express lane of Interstate 15 near San
Diego, CA, using contemporary cars, buses, and light
trucks.

Other research targets “enabling” technologies, which
are required to allow ITS to function effectively. Many
of the combinations of technologies created for ITS
applications are unique and innovative, and the appli-
cation of these technologies in the transportation envi-
ronment is also new. For example, the Global
Positioning System (GPS) is a technology that is fun-
damental to ITS products and services that use or pro-
vide information about location. Launched and operat-
ed by the Department of Defense, GPS can currently
determine the position of any object on the earth with-
in 100 meters (300 feet). To help the navigation of
ships on our coastal and inland waterways, the U.S.
Coast Guard has deployed an augmentation system for
GPS that provides accuracy ranges of less than 10
meters by broadcasting a signal that corrects errors in
the basic GPS signal. This augmentation does not,
however, serve the whole continental United States.
Similar in principle to ship navigation applications, a
number of GPS applications can track trucks, cars,
buses, ambulances, police cars, and other land vehi-
cles. This type of tracking, particularly in life-saving

“In 1993, the Missouri Highway and Transportation |
- Department (MoDOT) and the St. Louis metropolitan -
- planning organization (MPO) jointly conducted an ITS

" could improve traffic flow, air quality, safety, and energy -
 fied a fiber optic network as the leading choice to allow
~ meters, and changeable message signs—to communi- -
“and a council of Missouri developers were discussing
: ways.

| Meeting with several telephone and cable companies
 already seeking to “wire” the St. Louis region for addi- -
| tional communication capacity, the State quickly

* its highway right-of-way across the State in exchange .
| for communication access. Using standard procure-

| ment procedures, MoDOT selected Digital Teleport, -
' Inc,, to install a fiber optic backbone along the State’s
- 1,250 miles of highways. In exchange, Digital Teleportf:
- receives exclusive use of the location for its own fiber -

| have more security than if a shared utillt)’ rlght— f—way:'f
~ were used. : :

- The partnership benefits everyone involved. The State
- will save the initial construction costs, conservatively

own, operate, and maintain the network for 40 years,,ﬁ‘,

| tion industry throughout Missouri and nearby States.
- The 1,250-mile backbone will enable Missouri ‘to
- approach ITS deployment on a regional and statewide

- $100 million in operation and maintenance expenses.

" Currently, installation is almost complete in the St..
| Louis area, as is the link to Kansas City across

- Springfield-Branson-Joplin area and back to St. Louis via
- Interstate 44 will be completed early next year. Durmg‘

| the summer of 1997, the State anticipates accepting
" contracts to begin locating the envisioned ITS technol- -
~ogy in St. Louis, including video cameras, ramp meters,

INNOVATIVE PUBLIC-PRIVATE PARTNERSHIP
CREATES OPPORTUNITIES AND SAVES MONEY:

early deployment planning study to determine how ITS |
efficiency in the bistate St. Louis area. The study identi-

the components of this system—yvideo cameras, ramp .
cate with each other. At the time of the study, MoDOT

the benefits of a fiber optlc backbone along State hlgh-f

learned that it had a window of opportunity to barter -

optic system, which will be less costly to install and

estimated at $45 million. Digital Teleport will wholly

making the company a major player in the communica- -

basis. During the 40-year contract with Digital Teleport,
the State is also expected to save an additional

Interstate 70. The connection from Kansas City to the

and changeable message signs.
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situations, requires much greater accuracy than is cur-
rently available. Departmental analysis has shown the
value, cost, and technical feasibility of expanding the
capability of the Coast Guard’s augmentation system
to benefit the traveling public in the greater continen-
tal United States.

Developed a National Architecture

In June 1996, the United States became the first coun-
try to develop a national ITS architecture, which was
the result of an unprecedented effort to provide a flex-
ible and expandable framework for the development
and deployment of ITS. Instead of a single design, the
architecture provides an inclusive setting within which
different designs can be implemented, yet can operate
compatibly. The architecture identifies how existing
infrastructure can accommodate ITS additions and
technological evolution. It also provides a framework
for the development of national standards to ensure
interoperability of conforming products from compet-
ing vendors. Exhibit II-5 lists the 30 ITS user services
supported so far by the architecture.

Launched Development of Standards for
Hardware and Software Compatibility

Standards allow communication, surveillance, moni-
toring, and computer processing systems to “speak” to
each other; provide design guidance to manufacturers;
and reassure purchasers that their systems will be
compatible with other ITS elements. The national ITS
architecture identified 45 critical interfaces needing to
be standardized to ensure national compatibility and
interoperability of ITS user services. In 1996, the U.S.
DOT signed cooperative agreements with five stan-
dards development organizations (SDOs) to accelerate
the development and acceptance of standards in five
critical areas: in-vehicle and traveler information sys-
tems, traffic management and transportation planning
systems, electronics and communication message sets
and protocols, roadside infrastructure, and unique
short-range communication strategies. Other stan-
dards have also been identified and are being pursued
by national and international standards organizations.
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Two of the program’s early achievements were adop-
tion of the National Transportation Communications
ITS Protocol (NTCIP), which facilitates data commu-
nications between traffic management centers and
roadside equipment, and the “Smart Bus Bus” suite of
standards, which allows integration of electronic func-
tions on transit buses.

Identified Solutions to Remove Nontechnical
Barriers to Implementing and Mainstreaming ITS
At the start of the program, many participants perceived
that nontechnical barriers, rather than technical ones,
would hinder widespread deployment of first-genera-
tion ITS products and services. To address this concern,
the U.S. DOT initiated a major investigation into the
institutional and legal issues associated with intergov-
ernmental cooperation, public-private partnership,
intellectual property rights, procurement, privacy, user
acceptance, staffing and education, socioeconomic
issues, and environmental issues. The results are docu-
mented in the 1994 report to congress, Nontechnical
Constraints and Barriers to Implementation of
Intelligent Vehicle-Highway Systems, and the required
1996 update, found in Appendix E of this report.

U.S. DOT has also conducted specific studies that
address nontechnical impediments to ITS deployment
in metropolitan areas and CVO. The studies include a
review of seven metropolitan areas to assess the extent
of ITS planning and deployment that was not directly
funded by the national ITS Program. The results were
published in the 1996 report entitled Assessment of
ITS Deployment: Review of Metropolitan Areas/
Discussions of Crosscutting Issues. The results were
based on interviews with a broad cross section of
State, regional, and local transportation officials to
assess the degree to which ITS are being planned and
deployed, the interaction among agencies responsible
for ITS, and their motivations for deployment.
Another study of institutional issues is examining the
processes used by transportation managers in 13 met-
ropolitan areas to decide whether or not to purchase
and deploy ITS products and services. Also, in 1995,
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FHWA completed 50 in-depth interviews with truck
and motorcoach operators to ascertain their potential
acceptance of ITS/CVO services. The results are pub-
lished in User Acceptance of Commercial Vehicle
Operations (CVO) Services.

We also continue to gain significant knowledge
about institutional issues related to ITS from two
other programs. First, the Early Deployment
Planning Program helps local and regional agencies
that are responsible for transportation to systemati-
cally plan ITS deployment, enabling them to resolve
critical issues during the planning process instead of
during implementation. We have also gained experi-
ence from the ITS Priority Corridors Program, which
is building innovative institutional frameworks that
allow multiple jurisdictions to deploy ITS services
cooperatively.

Created New Models of Public-Private
Partnerships

Because successful development and deployment of
ITS technologies and services will rely on the efforts
of both the public and private sectors, the U.S. DOT
has made efforts to involve the private sector in all
facets of the program, from research to testing to
deployment initiatives.

NHTSA'’s crash avoidance program is a good illustra-
tion of how U.S. DOT is working to reassure and
guide the development efforts of private industry and,
in the process, creating new models of partnerships.
To date, NHTSA has entered nine cooperative agree-
ments with industry and academia to develop and test
crash avoidance systems, including intelligent cruise
control, lane-occupancy detection, and commercial
vehicle applications.

In addition, the goals and activities of the AHS
program are being realized through a cost-shared
cooperative agreement with the National AHS
Consortium (NAHSC). The NAHSC consists of
almost 100 public and private stakeholders—automo-

bile manufacturers, suppliers, universities, and State
governments—who will specify, develop, and demon-
strate a prototype AHS through consensus, aiming to
ensure that the AHS is economically, technically, and
socially viable.

Developed Plans to Meet Educational and Human
Resource Needs

The transition to electronic management of surface
transportation represents the same type of transition
the FAA underwent as it moved from using a civil
engineering staff to oversee construction of airports to
better management of the air system, which required a
very different set of technical skills. ITS concepts use
information, communication, and navigation tech-
nologies that are unfamiliar to surface transportation
professionals. ITS applications also emphasize system
management, operations, and performance measure-
ment, instead of construction and maintenance, and
often require unprecedented cooperation within and
between the public and private sectors. The U.S.
DOT’s national strategic plan and 5-year program for
building professional capacity address the need to
retool the skills of the Nation’s professionals in the
transit, highway, and CVO fields.

The program is currently developing training mod-
ules on all aspects of ITS deployment. The U.S. DOT
has also provided for a continual exchange of infor-
mation, creating awareness among members of the
transportation community, public, media, and elected
government about the potential of ITS to transform
surface transportation and deliver significant public
benefits.

Set National Goals for Widespread ITS
Deployment

The U.S. DOT has established a national goal to have
a comprehensive ITS infrastructure in place by 2005.
Three specific “systems” of infrastructure have been
specifically defined to date: the metropolitan intelli-
gent transportation infrastructure, CVISN, and the
infrastructure associated with rural applications. This
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goal has helped to create a positive environment with-
in Federal, State, and local governments and has in-
spired confidence among private sector developers.
The U.S. DOT is specifically monitoring progress on
achieving this goal in 75 metropolitan areas and mak-
ing plans to monitor deployment of CVISN.

Launched Model Deployments to Demonstrate the
Benefits of ITS Infrastructure

In 1996, the U.S. DOT created the model deployment
initiative (MDI) to showcase the benefits and cost
effectiveness of ITS services integrated along the lines
defined by the national ITS architecture. By 1998,
four sites—the New York City tristate area, Phoenix,
Seattle, and San Antonio—will showcase the benefits
of the metropolitan ITS infrastructure. In the same
time frame, eight States will demonstrate CVISN:
California, Colorado, Connecticut, Kentucky,
Michigan, Minnesota, and, in a joint project, Oregon
and Washington.

WHAT HAVE WE LEARNED?

In the past 5 years, we have resolved deployment-
related technical challenges, introduced methods to
remove institutional impediments, and identified
potential ITS benefits and user needs. The following
paragraphs outline the level of knowledge we have
achieved thus far in the program.

First-Generation Technologies are Ready for
Deployment

ITS products and services are not technologies of the
future. They are already being applied to solve prob-
lems for State and local transportation managers,
enforcement officials, and other transportation service
providers; improve the efficiency of commercial ship-
pers and carriers; and provide travelers with better
information to improve the quality and safety of their
trips. Many ITS products and services are ready for, or
are already on, the market. These products and ser-
vices are or will shortly be available to travelers as
either proprietary products for sale or subscription or
as free public services.
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Many inroads in the market have been made by traffic
management and public transit management applica-
tions. For example, over the last 4 years, advanced
vehicle location (AVL) use in U.S. transit systems for
fleet management has increased more than 200 per-
cent. Transit operators have also adopted innovative
electronic data interchange technologies in their fare
payment systems.

In addition, rudimentary ITS technologies developed
for commercial shippers have been deployed and
improved over the past several years. Both large
national carriers and smaller local delivery fleets have
garnered benefits from ITS products, including
advanced vehicle location, identification, and commu-
nication technologies that track the location and con-
dition of shipments, improve customer service,
increase fleet productivity, and lower operating costs.

In the individual consumer market, a recent survey of
trade magazines, automobile dealerships, and elec-
tronics stores indicates that 5 manufacturers now
make approximately 10 different brands of in-vehicle
navigation products available for sale in the United
States. Both Hertz and Avis also offer an in-vehicle
navigation product with mid-level and luxury rental
cars. Similar navigational products designed for use
on a portable computer can currently be purchased at
computer-electronics stores. Updated, route-specific
traffic information can be obtained by cellular tele-
phone subscribers in most major metropolitan areas,
and there are at least 14 World Wide Web pages dedi-
cated to live traffic information.

By comparison, just 3 years ago, no domestic products
were commercially available that provided any com-
bination of location, navigation, or route guidance
capabilities. The TravTek field test in Orlando, FL,
had just ended. Zexel Corporation (a TravTek partner)
was initiating a beta test of the in-vehicle navigation
and route guidance product that would later be
released under the brand name Guidestar. Siemens and
Motorola were working with field tests in Michigan
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and Illinois, respectively, to explore the functionality
of in-vehicle product prototypes. Access to traffic
information was largely limited to 30-second broad-
casts on commercial radio.

In addition to the increasing number and diversity of
traffic information and route guidance products avail-
able, the first generation of in-vehicle personal safety
and security services is showing great promise in the
new car market. These products use the cellular tele-
phone and GPS to reassure drivers that emergency
medical services, police, or roadside automotive assis-
tance will be dispatched immediately at the push of a
button or with the deployment of an air bag. Variations
of these security services include theft tracking/recov-
ery and navigation assistance. Two products released
this year, the RESCU system by Ford Motor Company
and On Star by General Motors, are available on
Lincoln and Cadillac cars for a base cost plus month-
ly service fee. Both manufacturers report that the
products are selling at nearly twice the expected rate.

To effectively serve many diverse users, private ITS
service providers depend on a public infrastructure
that supports their communication and information
needs. Although ITS products and services can be
individually applied to ameliorate problems, such as
congestion, safety, and productivity, more complete
integration of ITS services by the public sector is

required to support private sector product and service
development. Uniting multiple sources of information
will enhance and expand the availability of real-time
information that the public will value and use in daily
travel decision making.

ITS Offers Beneficial and Cost-Effective Solutions

ENHANCED USE OF EXISTING CAPACITY

Better management of transportation systems is cen-
tral to achieving the efficiency envisioned by ISTEA;
however, managing any part of the system—transit,
highways, or streets—more efficiently is nearly
impossible unless system managers have access to
information, such as the locations of traffic incidents.
This information does little good if there is no means
to respond and make adjustments to the system or
communicate with travelers. ITS field tests and
deployments have shown that strategic application of
information and control systems can significantly
improve efficiency for system managers. The U.S.
DOT estimates that deploying the intelligent trans-
portation infrastructure in 50 of our largest metropoli-
tan areas will reduce the need for new roads while sav-
ing taxpayers 35 percent of required investment in
urban highways.! A preliminary study by ITS America
and U.S. DOT estimates that ITS infrastructure in 75
of the largest metropolitan areas could have a benefit-
cost ratio of 8.8 to 1.2

1 Mitretek Systems, “An Estimate of Transportation Cost Savings by Using Intelligent Transportation System (ITS) Infrastructure,” white paper prepared
for FHWA, unpublished, February 1997. This life-cycle analysis covered 50 major urban areas and was performed according to the following OMB
directives: total life-cycle analysis, discounted cash flows, discount at 7-percent rate. The needed road capacity without ITS was estimated from historical
data from the Institute of Traffic Engineers and from FHWA High Performance Management System (HPMS) model output. The capacity that could be
provided by ITS was obtained from a 1996 FHWA report that summarized recent intelligent transportation infrastructure benefit estimates. Road costs
are current FHWA estimates, while ITS costs are estimates made in 1995 by FHWA for the intelligent transportation infrastructure in major metropolitan
areas. Over the next 10 years, the discounted life-cycle cost for the build-only alternative is estimated to be nearly $87 billion. The discounted life-cycle
costs for the ITS-plus-build alternative would be about $57 billion, giving an estimated savings of 35 percent. The lane-miles needed for the build-only
alternative would be approximately 44,000, while only 15,000 would be needed for the ITS-plus-build alternative.

2 Apogee Research, National Investment and Market Analysis for ITS, prepared for ITS America and U.S. DOT, unpublished, 1997. This study estimates
costs and benefits from deploying nine basic ITS infrastructure elements across the country by 2005. Data from the National ITS Architecture Study sup-
ported the cost estimates for both nonrecurring and recurring expenditures. Benefit estimates were based on empirical observations from field and opera-
tional tests across the country. Over 80 percent of the benefits are attributable to improved safety and reduced congestion. Overall, in present-value
terms, the study projects total costs of $44 billion over the next 20 years with corresponding benefits of approximately $252 billion, resulting in a
benefit-cost ratio of 5.7:1 for all urban areas nationwide. For the top 75 metro areas, however, where congestion and safety-related problems are signifi-
cantly greater, costs and benefits are projected to be $24 billion and $212 billion, respectively, resulting in the 8.8:1 benefit-cost ratio.

27



IMPLEMENTATION OF THE NATIONAL ITS PROGRAM: 1996 REPORT TO CONGRESS

IMPROVED SAFETY

Today, ITS technologies are making it easier for emer-
gency response teams to locate incidents and reach
victims quickly, dramatically improving the chances
of survival. Freeway management systems, such as
ramp meters that help smooth traffic flow, have
reduced accidents by 15 to 20 percent. New informa-
tion technology for commercial vehicles is allowing
more efficient and accurate safety inspections,
increasing access to safety information for inspectors,
and automating hazardous materials incident response
systems. NHTSA estimates that 1.1 million crashes—
17 percent of the total 6.4 million nationwide—could
be prevented each year if all vehicles were equipped
with three ITS crash avoidance countermeasures cur-
rently under development: rear-end crash warning sys-
tems, roadway departure warning systems, and lane
change/merge crash avoidance systems. This reduc-
tion in collisions corresponds to an annual savings of
$26 billion in crash-related economic costs.

PusLIiCc SECTOR COST SAVINGS

In an environment of limited budgets and cuts in pub-
lic sector subsidies, the components of ITS infrastruc-
ture can dramatically reduce the costs of transit man-
agement, toll collecting, and truck safety inspections.
Nationally, ITS technologies are expected to save tran-
sit operations $4 to $7 billion in operating costs over
the next decade. ITS has also improved transit pro-
ductivity 20 to 25 percent in the State of Maryland and
in San Diego County, resulting in hundreds of thou-
sands of dollars in annual savings to transit operators.
Several toll collection agencies have also reduced
their operating costs while improving service. For
example, the Tappan Zee Bridge Authority in New
York State has found that each of its five electronic
toll lanes can accommodate 1,000 vehicles per hour at
peak times, compared with 350 to 400 in lanes served
by conventional toll plazas. Commercial vehicle
administrative programs have reduced compliance-
related labor costs (for licenses, permits, registrations,
and fuel-tax payments) by 9 to 18 percent through the
use of advanced information technologies.
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Market Acceptance of ITS is Growing

There are several distinct markets for ITS technolo-
gies: the general public is interested in comfortable,
safe, and reliable transportation; public sector trans-
portation managers want to provide safe, reliable, and
economically sound services; and commercial ship-
pers and common carriers seek strategies to minimize
costs without undermining service. All three major
market segments have shown increasing interest in
and adoption of ITS technologies.

ITS acceptance has been highest among those groups
with the most to gain economically. Large commercial
shipping companies, including Schneider Trucking
and H.J. Hunt, were early adopters of ITS technolo-
gies, such as vehicle-tracking and fleet management
systems, because of the increased operating efficien-
cies and competitive advantage offered by the prod-
ucts. Other companies followed suit. Because the
economic and efficiency advantages of ITS technolo-
gies were not so readily apparent to general travelers
or public sector transportation managers, these two
sectors have been slower to adopt ITS technologies.
Nevertheless, certain segments of these markets
are acquiring ITS technologies and demonstrating
advantages that are influencing others to invest as
well.

Market acceptance of ITS technologies by private
individuals can be seen in the growing number of ITS
products and services available for sale or in pre-com-
mercial prototypes. ITS products and services for the
general traveler include route guidance information
services available by kiosk, telephone, pager, cable
television, World Wide Web, computer software,
in-vehicle computers, dedicated radio receivers, and
wireless broadcast to personal digital assistants and
laptop computers. Compelling evidence for the gener-
al traveler’s acceptance of ITS products and services
can also be found in a forecast from the University of
Michigan’s Office for the Study of Automotive
Transportation: By the year 2005, 10 percent of all
new cars sold in the United States, or 640,000 vehi-
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cles, will be equipped with an in-vehicle traveler
information system. U.S. DOT studies of market
acceptance indicate that private individuals are inter-
ested in and ready to use traveler information services
to increase the predictability of travel times, improve
personal safety, reduce the amount of time spent in
traffic congestion, and improve the overall ability to
schedule their time.

In the public sector, market acceptance is led by those
agencies that quickly recognized the value of ITS to
solve compelling transportation problems. Officials
for the Dallas North Tollway quickly recognized the
value of electronic toll-collection systems for easing
the bottlenecks that formed at the facility’s toll booths
each day. In addition, building from an existing
multistate traffic organization of State police and
transportation managers, the greater New York City
metropolitan area was an early adopter of a unified,
multistate standard for electronic toll collection. When
funds allow, transit authorities are investing in prod-
ucts and services that improve operating efficiencies,
increase driver and passenger safety, and provide route
and schedule information to the traveling public.
Transit agencies are also exploring how ITS technolo-
gies can help enhance customer service. U.S. DOT
studies show that greater awareness of ITS benefits,
combined with ongoing technical assistance from U.S.
DOT field offices, will encourage more metropolitan
and rural areas to invest in ITS services.

Institutional Issues Pose the Greatest Challenges to
ITS Deployment

A host of nontechnical issues challenges any large-
scale endeavor requiring the cooperation of multiple
jurisdictions and organizations, especially during the
early stages of implementation. For ITS deployment,
institutional concerns and issues will affect how infor-
mation and communication systems, system expan-
sions, and upgrades will be purchased and deployed.
One of the targets of current U.S. DOT institutional
research is to determine whether transportation man-
agers purchase ITS components that are “smart

replacements” and the degree to which they purchase
ITS services that can work together.

Although institutional concerns do not present an
insurmountable barrier to the deployment of ITS, they
will influence whether purchases of ITS technology
become the foundation for an integrated transportation
system of the future or whether deployment devolves
into randomly implemented technologies serving nar-
row modal or agency needs. The evolution of most
ITS, therefore, will be heavily influenced by the incre-
mental decisions made by transportation professionals
as part of their daily routines.

Today, most county, city, and State budgets include
expenditures for traffic signals. Most transit properties
periodically upgrade their bus communication systems.
Many States are investing in freeway control and inci-
dent response systems. However, most of the decision
making is “stovepiped.” Departments within a public
jurisdiction and jurisdictions within a region often do
not see the value of, or have the resources for, integrat-
ing their systems. We see this as one of our greatest
institutional challenges—changing transportation sys-
tem planning and implementation processes. Federal
and State procurement processes also need to be
revamped to accommodate the design/build/operate
requirements of system integration projects and to shift
the current “build” mentality in transportation toward
better operation and management. This shift can only be
accomplished by fostering procedures that fully fund
these large-scale system development projects from
beginning to end. The model deployments, technical
assistance, development of standards, and programs to
build professional capacity provided by the national
ITS Program will advance new paradigms and skills
required to successfully deploy ITS infrastructure.

PROGRAM EXPENDITURES

ISTEA authorized a net total of $645 million for the
program’s funding from FY 1992 to 1997. At the end
of FY 1996, $531.8 million of these ISTEA funds had
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been authorized for expenditure. This amount was
supplemented by $459.3 million in funds from the
General Operating Expense budget (including $20
million in FY 1991), for total funding of $991.1 mil-
lion through FY 1996. All but approximately $12 mil-
lion of the $991.1 million was obligated. Exhibit II-6
breaks down overall ITS funding obligations. Roughly
40 percent of total program funding has been directed
by Congress.

U.S. DOT has worked diligently to build partnerships
with State and local governments, academia, and the
private sector to move state-of-the-art ITS concepts
toward the state of the practice. The scope, mission,
results, and future directions of each of the major
funding categories shown in Exhibit II-6 are outlined
below.

FIELD OPERATIONAL TEST AND ITS PRIORITY
CORRIDOR EXPENDITURES

About 57 percent of obligated funds has supported
field testing and demonstration projects as part of
operational tests or the ITS Priority Corridors
Program; 73 percent of this amount was congression-
ally directed. These efforts provide a crucial bridge
between the laboratory and wide-scale deployment.
The field tests have also forged new public-private
partnerships and institutional arrangements. The tests
have taught us much about the technical viability of
ITS applications and how to resolve procurement and
institutional problems.

|. FIELD OPERATIONAL TESTS

Scope: Operational tests are cooperative efforts
between the U.S. DOT and a variety of public and pri-
vate partners, including State and local governments,
private companies, and universities, to field-test the
viability of numerous and diverse ITS technologies
and applications. As shown in Exhibit II-7, the U.S.
DOT has launched 83 operational tests across the
country in six areas: traffic management (17 tests),
traveler information (15 tests), public transportation
(29 tests), rural applications (6 tests), ITS/CVO
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(12 tests), and advanced collision avoidance systems (4
tests). Of the 83 field tests, 28 have been completed.

The technologies being tested as part of the ITS field
operational tests are very broad. For evaluation pur-
poses, U.S. DOT has grouped technologies and ITS
services into 16 areas: (1) traffic control/incident
management, (2) traffic surveillance, (3) en route
traveler information systems, (4) pre-trip planning,
(5) electronic fare payment, (6) AVL and smart
bus/paratransit/fleet scheduling systems, (7) ARTS,
(8) emergency notification systems, (9) motorist safe-
ty, (10) commercial vehicle electronic screening, (11)
commercial vehicle one-stop shopping, (12) out-of-
service verification, (13) international border cross-
ings, (14) hazardous materials response, (15) wireless
communications, and (16) emissions testing.

Appendix C contains a table that describes the pur-
pose, location, and cost of each operational test, as
well as matrices showing the crosscutting analyses
performed for each of the 16 technology categories.

Mission: Operational tests examine the technical via-
bility of ITS services in real-world field environments.
Beyond resolving technical issues, the program evalu-
ates the public impact and benefits of ITS applications
and identifies methods for removing institutional bar-
riers to ITS deployment.

Program Results: The operational tests have provid-
ed rich opportunities to determine how individual and
limited combinations of advanced transportation tech-
nologies can solve transportation problems. The tests
have also resulted in myriad case studies to identify
effective institutional arrangements, investigate pri-
vate sector interests, and determine the implications of
various legal issues. The findings from operational
tests have been documented in several reports, most
notably, Analysis of ITS Operational Tests: Findings
and Recommendations, published in September 1995,
and more recently, Field Operational Tests: Lessons
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Learned, published in May 1996. The first report was
prepared by the Volpe National Transportation
Systems Center and presented findings and recom-
mendations based on a review of 12 field operational
tests. The second report was prepared by Booz-Allen
& Hamilton, under a contract with FHWA to evaluate
its operational tests. This report concluded that opera-
tional tests have created a climate of enthusiasm and
expectation, capturing the interest of major technolo-
gy firms and transportation operators across the
United States. Some of the operational tests, such as

TravTek in Orlando and SmarTraveler in Boston, have
seen their products move from testbeds to become
self-sustaining in the marketplace.

Future Directions: The operational test program will
increasingly be oriented toward closing the gap
between the laboratory and deployment. New tests
will focus on establishing the viability of emerging
and next-generation ITS services and enabling tech-
nologies. For example, the first field test of a new real-
time traffic-adaptive control system, RT-TRACS, in

Operational Tests/Corridors
$562 Million (56.7%)
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Total = $562 Million
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development at FHWA’s Turner-Fairbank Highway
Research Center, will begin in FY 1997. In 1996,
NHTSA initiated operational tests of an automatic col-
lision notification system (which automatically sum-
mons emergency help immediately on vehicular colli-
sion) and an intelligent cruise control system (which
automatically adjusts cruise speed to maintain head-
way with a preceding vehicle). These will be followed
by field tests of rear-end collision avoidance systems,
lane-change collision avoidance systems, and systems
that integrate collision avoidance with other ITS func-
tions. Also in FY 1997, U.S. DOT expects to conduct
two to three field operational tests to evaluate ITS
applications in rural communities, including automat-
ed personal security systems (such as “Mayday”
devices), warnings at rail-highway grade crossings,
and demand-responsive paratransit.

Additional operational tests will focus on refining
ITS/CVO systems, such as automated compliance
review, emissions verifications, border-crossing tech-
nologies, and onboard safety diagnostics. Operational
tests will also focus on improving the capabilities of
APTS, creating universal, “contactless” fare payment
cards that can pay for multiple services such as fares,
parking, and tolls and automated vehicle diagnostic
systems that can automatically dispatch information
about mechanical problems to transit facilities.

2. ITS PrIORITY CORRIDORS

Scope: ISTEA created the ITS Priority Corridors
Program to demonstrate ITS deployment in important
travel corridors. In March 1993, U.S. DOT designated
the four locations in the United States that met the
ISTEA Section 6056(b) criteria as ITS priority corri-
dors: the Northeast Corridor along Interstate 95,
stretching through six States from Maryland to
Connecticut; the Gary-Chicago-Milwaukee (GCM)
Corridor centered around the Chicago metropolitan
area and stretching from Gary, IN, to Milwaukee, WI,
the Houston, TX metropolitan area; and the Southern
California Corridor centered around Interstate 5 and
Interstate 10 from Los Angeles to San Diego. These

corridors have received approximately $70 million
from all sources (Federal, State/local, and private)
through 1996, of which approximately $22 million has
been spent. Each corridor has launched some form of
an early-start program to put new ITS projects “in the
pipeline” to deployment. The Department is finalizing
a report, Policy Review of the ITS Priority Corridors,
that provides a specific inventory and discussion of
priority corridor projects and overall program find-
ings. The executive summary of the preliminary report
is in Appendix D.

Mission: The purpose of the ITS Priority Corridors
Program is to establish an ITS infrastructure and
enduring institutional arrangements in the Nation’s
most congested areas that will support evolving
deployment of ITS services. ISTEA identified six cri-
teria for priority corridors:

* High traffic density above the national average.

e Severe or extreme nonattainment status for ozone
under the Clean Air Act.

» A variety of types of transportation facilities, such
as highways, bridges, tunnels, and toll and nontoll
facilities.

+ Inability to significantly expand capacity of exist-
ing surface transportation facilities.

» A significant mix of passenger, transit, and com-
mercial motor carrier traffic.

* Complexity of traffic patterns.

Each of the four corridor regions has a unique geogra-
phy and institutional setting. For example, the
Houston Priority Corridor covers the Houston metro-
politan area and has four major stakeholder-partici-
pants: the Texas DOT, the metropolitan transit author-
ity, the city of Houston, and one county. The corridor
emphasizes ITS services for traffic management, trav-
eler information, and transit.
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The Southern California Priority Corridor covers a
much larger region within the State, including the
urbanized areas of Los Angeles, San Bernardino,
Riverside, San Diego, and Ventura Counties, as well
as all of Orange County. The major participants
include representatives from the California DOT and
highway patrol, three associations of government,
three cities, a city DOT, a transit authority, and an air
quality management district. The major focus of this
corridor is on traffic management, traveler informa-
tion, and emergency response services.

The GCM Priority Corridor comprises portions of
Northwest Indiana, Northeast Illinois, and Southeast
Wisconsin and includes the Gary, Chicago, and
Milwaukee metropolitan areas. The institutional part-
nership includes three State DOTs, three MPOs, a tran-
sit authority, a highway toll authority, and a commuter
transportation district. It also has approximately 14 ex
officio members representing cities and city DOTS,
transit agencies, academia, and the private sector. The
corridor members have emphasized commuter travel
needs in the corridor region, including traffic manage-
ment, traveler information, and scheduling bus-to-bus
and bus-to-rail transfers.

The 1-95 Priority Corridor extends from Connecticut
to Maryland, although the 1-95 Coalition includes the
12 States from Maine to Virginia and the District of
Columbia. The executive board includes administra-
tors from 42 agencies, and the steering committee
includes technical and policy staff members of the
same agencies. Efforts in this corridor are focused on
communications and coordination, CVO, interregion-

al travel and incident management, and traveler infor-

mation.

Program Results: The ITS Priority Corridors
Program was the only deployment program estab-
lished by ISTEA and has served as a bridge to main-
streaming ITS technologies and services in traditional
transportation arenas. Although the program original-
ly set out to showcase technology and hardware, it has
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been more valuable in illustrating the challenges in
creating interjurisdictional and interagency coopera-
tive arrangements. In particular, the program has
demonstrated the value of regional institution building,
coordination, and integration. In some ways, the pro-
gram’s emphasis on corridors has allowed it to blaze
new trails, because traditional transportation planning
is often contained within a single MPO and a single
State. The program has created communication chan-
nels and organizational frameworks among numerous
agencies that will facilitate the U.S. DOT’s long-term
deployment goals, particularly the building of ITS
infrastructure. The program has also helped to create
intermodal approaches to fulfill regional transportation
needs.

Future Directions: Until recently, the ITS priority cor-
ridor participants focused on building institutional
arrangements to facilitate ITS deployment, identifying
the needs of the corridors, and designing systems to
fulfill those needs. In 1997, an increased number of
products and services will be installed in these corri-
dors. For example, the Houston Corridor will expand
its automatic vehicle identification (AVI) system and
install a changeable lane-assignment system, real-time
information kiosks, and a weather-monitoring and
information system. The Southern California Corridor
will launch a regional, multimodal traveler information
system, a transit management and information system,
and an advanced traffic management and information
system for a sports complex. In the GCM Corridor,
near-term projects include expansion of the corridor’s
traffic information center, integration of transit sys-
tems, and coordination of the three individual State
incident management programs. The I-95 Corridor will
establish an information exchange network and begin
field tests of a freeway surveillance system, advanced
ITS applications for CVO, traveler information sys-
tems, and electronic toll collection systems.

R&D EXPENDITURES

Since 1991, about 18 percent of ITS program funding
has supported R&D efforts to advance the state of the
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art of ITS technology and ensure that the technology
is effective, safe, and user-friendly. The program also
provides the opportunity for individuals and small
businesses to obtain seed funding for ITS research
ideas through small-business research initiatives and
the Innovations Deserving Exploratory Analysis
Program administered by the Transportation Research
Board. Five major R&D programs are summarized in
the following paragraphs. (The research programs for
architecture and standards, ITS/CVO, and AHS are
discussed later in this chapter.) Each of these programs
is discussed in further detail in Chapter 1II of this
report.

| . ADVANCED TRAFFIC MANAGEMENT SYSTEMS

Scope: The ATMS R&D program, administered by
FHWA’s Turner-Fairbank Highway Research Center,
comprises six functional areas. The surveillance and
detection program identifies the detection and sur-
veillance needs of ITS, promotes the development of
new sensors that have potential ATMS applications,
field-tests the capabilities of new sensors, ensures that
new sensors conform to ATMS compatibility stan-
dards, promotes the development of new algorithms
for detection and surveillance, and investigates the
integration of advanced surveillance and detection
with ATMS real-time control strategies. The real-time
traffic management and control program tests, eval-
uates, and refines advanced traffic management and
control strategies. This broad program area identifies
and develops control algorithms for demand-respon-
sive control of surface streets and freeway ramp
signals under normally varying traffic conditions and
incident-related conditions. The system integration
area investigates and analyzes how the functional ele-
ments required by ATMS applications (such as traffic
management centers and detection and surveillance
and control systems) can be integrated. Integrating
various tools in the FHWA Traffic Research
Laboratory (TReL) provides a controlled environment
to allow researchers to test the effectiveness of ATMS
elements before field trials. In particular, the TReL
research allows investigators to examine how various

functions, strategies, concepts, and configurations can
be integrated and helps identify necessary standards
and protocols. Over time, U.S. DOT’s efforts will
evaluate how new options can be integrated into exist-
ing transportation infrastructure.

The advanced analysis methods program develops
and refines evaluation models and analysis tools to
design and evaluate ITS strategies in corridors, free-
ways, and street networks. These strategies include
real-time adaptive control systems, pre-trip planning,
en route travel information, and en route guidance and
diversion. The functional area of standards focuses
on the development of communication standards,
especially the National Transportation Communica-
tions for ITS Protocol (NTCIP), which is a standard to
promote interoperability, interchangeability, and com-
patibility of ATMS components. By enabling compo-
nents to communicate with each other, NTCIP facili-
tates system integration and allows easier and more
cost-effective system upgrades and expansion.
Support and enabling studies evaluate and assess the
potential benefits and cost effectiveness of ATMS,
including their impact on human performance and
safety. These studies also specifically develop safety
performance specifications for ATMS products, ser-
vices, and traffic management centers.

Mission: The overall goals of the ATMS R&D pro-
gram are to improve mobility, accessibility, and effi-
ciency of freeways and surface streets. The specific
program objectives are to advance the state of the art
of ATMS technologies, particularly traffic signal con-
trol, freeway management, and incident management
systems. The program also aims to ensure that ATMS
services can function as part of a greater ITS infra-
structure.

Program Results: The surveillance and detection
program has completed a comprehensive review of
traffic sensors and identified seven promising proto-
type sensors for field testing. The program has also
developed functional and performance specifications
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for traffic detectors for ITS and ATMS and has evalu-
ated current state-of-the-art detectors. The real-time
traffic management and control program has devel-
oped RT-TRACS, which could improve traffic flow on
arterial streets by up to 20 percent compared with
traditional pre-timed traffic signal systems. The stan-
dards area has significantly advanced the development
of the NTCIP, which enables traffic control devices to
share data and messages with multiple sources. The
advanced analysis methods program has developed the
TReL to test and evaluate emerging ATMS strategies
without costly field trials. In addition, the program has
developed sophisticated traffic software that will allow
better evaluation and comparison of ITS applications
with traditional traffic designs and operations.

Future Directions: In the near term, the ATMS R&D
program will focus on system integration within
ATMS and the integration of ATMS with other ITS
services as part of the intelligent transportation infra-
structure. The focus will include the development of
new traffic control algorithms that will allow signal
timing plans to give preference to mass transit vehi-
cles (to maximize the throughput of all travelers) and
better manage traffic congestion while minimizing
impact on air quality. The program will also field-test
new traffic control strategies currently being devel-
oped, such as RT-TRACS.

2. HuMAN FACTORS

Scope: Design, development, and adoption of new in-
vehicle technologies are only acceptable and provide
benefits when they are focused on the needs and limi-
tations of the human operator. The human factors
research program, administered jointly by NHTSA
and FHWA Turner-Fairbank, addresses the user’s abil-
ity to safely benefit from and cope with the informa-
tion delivered by new technologies. The human fac-
tors program specifically addresses collision avoid-
ance systems, ATIS/CVO, ATMS, and AHS. Collision
avoidance research is focused on how best to convey
critical safety information to the driver and how to
avoid driver information overload when too much
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information is conveyed during challenging driving
tasks. ATIS and ITS/CVO services addressed include
in-vehicle route guidance and navigation, motorist
services, and safety advisories and warning systems.
The ATIS and ITS/CVO human factors research
examines such issues as the information requirements
of commercial and private vehicle drivers, display for-
mats, accuracy of traffic information, and the transi-
tion between ATIS messages. The ATMS research
focuses on the human factors requirements of opera-
tors in traffic management centers as they perform a
variety of traffic management tasks, including traffic
monitoring and incident detection. AHS human fac-
tors efforts focus on driver capabilities, particularly
during the transition between “hands-on” and “hands-
off” operation. The program also investigates the
effects of age, spatial ability, and navigational infor-
mation provided by in-vehicle devices on navigation-
al performance, as well as design impediments to their
acceptance and efficacy.

Mission: The effectiveness of ITS depends on user-
oriented designs. The objectives of the human factors
program are to improve the operational efficacy and
safety of ITS products, services, and applications.
With in-vehicle warnings and information services,
drivers will have access to much more information
than in the past. If this information is not presented in
a user-centered format, information overload will
diminish both efficiency and safety. In particular,
commercial drivers have extra requirements (e.g.,
cargo monitoring, scheduling of multiple stops, road-
way restrictions, and adherence to commercial regula-
tions) that could potentially divert drivers’ attention
from the primary task of driving safely. An objective
of the ATMS research is to ensure that traffic manage-
ment center operators can effectively manage traffic
using real-time information and demand-responsive
control strategies housed in state-of-the-art traffic
management centers.

Program Results: Several major products are emerg-
ing from the human factors program, including design
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guidelines and handbooks for information system and
traffic management center designers, a traffic manage-
ment center research simulator, data bases that catalog
knowledge obtained from human factors research, and
analysis tools to allow researchers to evaluate effects
on human performance. One such tool is the data
acquisition system for collision avoidance research
(DASCAR), which allows unobtrusive measurements
of driving behavior and performance. The program
has already completed an assessment of the effect of
in-vehicle display systems on driver performance,
helping to guide the design of initial in-vehicle display
prototypes. The program is currently developing
human factors design tools that will assist in the
design of advanced traffic management centers.

Future Directions: The human factors research pro-
gram will pursue more aggressive R&D efforts to
fully realize the safety potential of ITS technologies
that are almost on the market. Particular safety-relat-
ed problems of inexperienced drivers and the aging
population will be addressed by focusing on the abili-
ty of these groups to cope with and benefit from infor-
mation delivery systems and technologies that will be
found in the smart vehicles of the future. The program
will continue to focus on the needs of commercial dri-
vers and traffic management center operators to
ensure optimal workloads for safety and efficiency.
The program also plans to investigate more fully the
human factors issues associated with AHS. Expanding
from its current focus on the effects of singular tech-
nologies and systems, the program will also concen-
trate on how combinations of ITS applications operat-
ing within a greater infrastructure and in integrated
smart vehicles will affect human performance and
safety.

3. ADVANCED PuBLIC TRANSPORTATION SYSTEMS

Scope: The APTS R&D program, administered by
FTA, focuses on three types of fundamental applica-
tions: transit fleet management, electronic fare pay-
ment, and traveler information. The APTS R&D
efforts concentrate heavily on technology assessment

and field testing. The U.S. DOT publishes a series of
reports, Advanced Public Transportation Systems:
The State of the Art, that investigates the extent of
adoption of APTS technologies in North America. The
reports focus on some of the most innovative or com-
prehensive implementations of four categories of
services and technologies: fleet management, traveler
information, electronic fare payment, and transporta-
tion demand management.

Mission: The purpose of the APTS R&D effort is to
develop, test, and deploy ITS technologies and ser-
vices that will improve the mobility, safety, and con-
venience of transit passengers and make operations
more efficient and cost effective for transit providers.

Program Results: The program’s research, informa-
tion dissemination efforts, and technical assistance
have helped catalyze roughly one-half of the actual or
planned APTS deployments in the United States. As of
the end of FY 1996, the results of 29 multiyear field
operational tests have shown that: (1) automated trav-
eler information systems increase the number of calls
an agency can handle, (2) automatic vehicle location
systems increase the on-time performance of test vehi-
cles while decreasing passenger waiting times, and (3)
agencies that use electronic fare payment systems
have reduced both revenue loss from fare evasions and
the cost of collecting fares. Deployment testing under
the APTS program has helped to develop and demon-
strate electronic fare systems that permit multiple
transit operators to offer patrons a unified payment
system. FTA is also coordinating with the FCC and
others to ensure that communication frequencies for
transit and ITS are not negatively affected by proposed
radio frequency refarming legislation.

Future Directions: The program will continue to
advance the state of the practice of APTS technology
through technology assessment and by sharing knowl-
edge. In particular, the program aims to develop new
fleet management systems, including innovative auto-
mated system diagnostics, which would help diagnose
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’FIELD TEST SPURS BusmEss EXPANS|ON AND CHANGES IN TRAVEL

Sm rtRoute Systems, lnc was founded in’ l988 to prowde mnovatlve solutlons for traffic congestion, accident manage-

‘mformatlon service called SmarTraveler in the Boston m ‘tropolltan area.The service was designed to assist car com-
uter: transnt users, taxi drlvers, salespeople, busmess travelers, and others w:th route-specnf ¢, up-to-the-minute traffic
'atlon that mlght affect thelr traveler behavnor R o

992 U S DOT amtlated the SmarTraveler f eld operatlonal test to analyze user acceptance of and potential markets
dvanced traveler mformatlon services. - .. . R ~

ring the f‘ eld test whlch recelved atchmg funds from the Massachusetts nghway Department Boston residents
eceived free telephone access to pre, ‘ecorded, regularlyupdated route- ,pec1f‘ ic information covering the area’s high-
major roadways, and mass transit. systems Caller volume increased steadlly over tlme, with significant increases dur-
nclement weather. Durmg three evaluatlon;segm_ntsi aller: usmg the service were randomly interviewed for addi-
nal information. The lntervnews mdlcated tha 'travelers placed a high personal value on the traffic information, but they
re reluctant to: pay for it d:rectly The mformatuon was. consudered extremely valuable when it was included as part of
ther subscrlptlon servnces, such as those for cellular phones, lnternet access, or cabie televxs;on

martRoute Systems used the ﬁeld test mformatuon as the seed for developmg a model publlc-prwate partnership that
as expanded SmarTraveler into other cities. The partnership is desugned so that the private sector incurs all startup, sys-
m development and operating costs, and the publlc sector. (usually a State DOT) pays for free telephone delivery of
he travel mformatlon SmartRoute also sells traveler data to private companies, whtch in turn deliver information to the
bllc through on-line services, cellular phone networks, cable television, and tradmonal radio and television. Under a rev-
nue-sharlng agreement publlc agenmes recelve a portlon of the proceeds from these sales to private companies.

*Public- prlvate ventures wnll brlng SmarTraveler to New'York Clty, Phlladelphla, and Washmgton, DC, by mid-1997.
ncinnati SmarTraveler was successfully launched in mid- l995 Eventually. SmartRoute Systems (based in Cambridge, MA)
ns to establlsh SmarTraveler in the Natlons 30 largest cntles; G

w m its fi ffth year, | Boston SmarTraveler recewes approxumately 5 mllhon calls each year. Travelers use this powerful tool
make decisions about altering their routes, adjusting’ departure. times, and changlng modes of travel. In a recent survey
2,000 Boston SmarTraveler users, nearly 50 percent reported that the mformatlon had a direct influence on travel deci-
ion making. In addition, 97 percent said ‘that they planned to use the service again, 85 percent rated the service 8 or bet-
er on-a scale of 10, 63 percent. reported an ability to. avoid: traff ic. problems, and 59 percent reported that they saved
ime. Over time, SmarTraveler has proven that- people will change how,. when, and where they travel if they have easy
ccess to accurate and rellable traff‘c mformatlon g o

gf,SmarTraveler illustrates how Federal mcentwes, in thls case prov:ded by the fi eld operational test program, can help
romlsing technologles deliver pubhc benef ts. and become self-sustammg in the marketplace

ent, and traffic-related air pollution. In May 1991, the comp" y launched a real-t:me, on-demand, location-specific trav- -
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mechanical problems on buses and automatically
transmit information on problems to the transit
provider. Other efforts include developing the next-
generation smart card that is “touchless” and is com-
patible with MasterCard/Visa chip card standards. In
addition, research will focus on improving the quality
and supply of information available to enhance
regional multimodal information services.

4. ADVANCED RURAL TRANSPORTATION SYSTEMS

Scope: The ARTS research program aims to advance
the application of ITS technologies to rural transporta-
tion. Research areas include identifying specific user
needs and assessing multiple technologies as they
relate to the needs of diverse rural communities. The
ARTS research program is also evaluating the useful-
ness of a prototype motor vehicle safety warning sys-
tem that utilizes police radar frequency transmissions
to alert drivers (in real-time) of hazardous road condi-
tions.

Mission: Rural communities have different transporta-
tion priorities than metropolitan areas. ITS technolo-
gies can help to resolve many of the transportation
problems in rural areas, but require unique deployment
because of broad differences in geography and popula-
tion density. The advanced rural transportation pro-
gram will ensure that rural areas garner the safety,
accessibility, productivity, and mobility benefits made
possible by ITS services and products that target high-
way, transit, and emergency response services.

Program Results: The ARTS program is still rela-
tively young. In early 1993, the program performed a
comprehensive study of rural applications of advanced
traveler information systems. Based on this and subse-
quent reviews, U.S. DOT identified seven fundamen-
tal “clusters” of ARTS applications:

» Traveler safety and security technologies, which
can alert drivers to hazardous conditions and
dangers.

» Emergency service technologies, which automati-
cally notify emergency response services—ambu-
lances, police, fire—of collisions and other emer-
gencies.

+ Tourism and travel information services, which
provide information to assist travelers who are
unfamiliar with the local rural area.

« Public traveler services/public mobility services,
which improve the efficiency and accessibility of
transit services to rural inhabitants.

» Infrastructure operation and maintenance tech-
nologies, which can improve the ability of trans-
portation personnel to maintain and operate rural
roads.

* Fleet operation and maintenance systems, which
can improve the efficiency of the scheduling, rout-
ing, and maintenance of rural transit fleets.

¢ CVO systems, which manage the movement and
logistics of commercial vehicles and include tech-
nologies developed specifically for rural areas that
monitor vehicle and driver performance and locate
vehicles during emergencies and breakdowns.

In addition, the ARTS program is field-testing the
advanced rural transportation information and coordi-
nation (ARTIC) system in Minnesota, which will
coordinate the communication systems of several pub-
lic agencies (highway, State patrol, and transit) to
improve response time to accidents and adverse road
conditions and provide real-time transit status and
schedule information. The ARTS research program is
also field-testing advanced weather information sys-
tems and interregional traveler information systems in
several States.

Future Directions: Future R&D activities of the
ARTS program will identify and examine simple
applications of ITS that rural transportation officials
can implement immediately. A project on rural transit
needs, which has already identified specific user con-
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cerns, will assess the applicability of existing and
emerging technologies and systems. In FY 1997, the
ARTS program will launch two or three field opera-
tional tests in rural areas. Long-term efforts will
address how evolving ITS technologies, such as
advanced collision avoidance safety systems, the next
generation of traveler management techniques, and
AHS, can be used to meet rural needs. The ARTS pro-
gram will also pay particular attention to building a
rural ITS infrastructure that can be integrated and is
compatible with the ITS infrastructure in metropolitan
areas and can support commercial freight and passen-
ger transportation.

5. ADVANCED COLUSION AVOIDANCE AND SAFETY
SYSTEMS

Scope: The advanced collision avoidance and safety
system program (which is administered by NHTSA)
evaluates and advances the development of systems
that can prevent specific crash types (i.e., rear-end,
intersection, road departure, lane change/merge, and
heavy vehicle stability collisions), enhance driver per-
formance (e.g., combat drowsiness and improve
vision), and mitigate the consequences of crashes
through automatic collision notification. Research
activities include analysis of safety data, development
of new research tools, field testing, and development
of performance specifications.

Mission: The goal of the collision avoidance program
is to significantly reduce the number of deaths and
injuries that occur on the Nation’s highways, primari-
ly by preventing collisions. The overall objective of
the program is to develop safety performance specifi-
cations for in-vehicle collision avoidance systems and
other systems that enhance driving safety. These spec-
ifications will guide the design and manufacture of
systems by the private sector.

Program Results: The collision avoidance program
has made significant contributions during the past
5 years. Extensive analysis of accident data has iden-
tified opportunities for crash avoidance that are now
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guiding system development. The program continues
to forge links between human factor considerations
and system design. Preliminary performance specifi-
cations have been developed for sensing, processing,
and driver interface elements for many of the collision
avoidance systems now under development. Several
joint efforts with motor vehicle industry partners to
collect data and assess technologies have been com-
pleted or are well underway. New research tools are
being developed to significantly enhance capabilities
for analyzing and evaluating technical performance of
crash avoidance countermeasures and estimating their
real-world operational benefits. In addition, the pro-
gram has moved key technologies, such as intelligent
cruise control and automatic collision notification, out
of the laboratory and into field testing.

Future Directions: The strategic goals for the next
5 to 10 years are to demonstrate the improved capa-
bility of collision avoidance systems, ensure that sys-
tems are both effective and user friendly, and provide
a basis for understanding the benefits of the systems
(i.e., the number of avoided collisions, injuries, and
fatalities). The program also expects to strongly sup-
port AHS concepts that rely on vehicle-based intelli-
gence. A major thrust of the program will focus on the
larger issues of system capability, and usability and
the benefits of smart vehicles that employ multiple
technologies to avoid accidents, deliver information to
drivers, and communicate with an intelligent trans-
portation infrastructure.

DEPLOYMENT PLANNING, TECHNOLOGY
TRANSFER, PROGRAM SUPPORT, AND
MAINSTREAMING EXPENDITURES

About 13 percent of ITS funding helped create an
institutional foundation for national deployment,
which included the development of early deployment
plans (EDPs), documentation of the benefits of
deployment, assessment of institutional issues, and
early awareness and training efforts. The thrust of
these efforts has been to create a cultural shift in tradi-
tional transportation problem solving. Instead of
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focusing on “build/no build” scenarios, ISTEA
encourages officials to think in terms of improved
regional planning and intermodalism and better man-
agement of the transportation system to improve the
efficiency of its operations. Four major deployment
planning initiatives are discussed below: early deploy-
ment planning, the model deployment initiative, main-
streaming and technical assistance, and building pro-
fessional capacity.

I. EARLY DEPLOYMENT PLANNING

Scope: Over the past 4 years, the national ITS
Program has provided funding and technical assis-
tance to government agencies in major cities, highway

corridors, and rural communities to develop ITS EDPs
(see Exhibit II-8). The early deployment planning
process focused attention on ITS planning by giving
agencies a framework within which to explore ITS
strategies as potential solutions to an area’s trans-
portation problems and needs. There are currently 90
early deployment planning studies completed or
underway. The majority of the participants in these
planning studies are from agencies in metropolitan
areas; however, 11 of the EDP studies cover intercity
corridors and rural areas.

Mission: The primary mission of the EDP program is
to encourage local transportation officials to begin
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thinking about how ITS alternatives could be used to
solve local transportation problems and meet the
needs of diverse users. The EDPs emphasize a system
engineering and integration approach, which differs
from the single-mode orientation of most transporta-
tion planning agencies.

Program Results: Of the 90 studies initiated since the
start of this program in 1992, 40 have been completed.
As a result of this effort, the U.S. DOT is beginning to
see a significant number of ITS projects move through
the regular transportation planning process toward
implementation. We recently surveyed participants in
13 of the completed studies to determine how the
EDPs are affecting project selection. According to
officials surveyed in these areas, at least 29 projects
valued at over $210 million have been initiated direct-
ly because of the EDPs.

Although the delivery of projects is important, the
EDP studies also offer several less tangible benefits,
among them the enhanced spirit of cooperation among
the regional EDP participants. These studies have
brought together regional transportation planners and
decision makers in a unified, systematic approach to
reducing congestion and solving transportation prob-
lems. The EDP process has helped to break down
some of the jurisdictional barriers that have limited the
existing regional planning process in the past. In addi-
tion, the EDP process has helped planners, transit
officials, highway engineers, and local government
officials better appreciate the potential benefits of ITS
services. As a result, ITS projects have won a place at
the table when critical decisions on alternative solu-
tions and funding allocations are made.

Future Directions: Because the U.S. DOT is strongly
encouraging the incorporation of ITS planning in the
traditional metropolitan planning process, the
FY 1996 solicitation that awarded 13 EDP study
grants will be the last. The U.S. DOT will continue to
provide guidance to transportation planners to main-
stream ITS planning. Future work may also assess
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actual and planned ITS projects resulting from the
EDP process.

2. MODEL DEPLOYMENT INITIATIVE

Scope: The 1996 MDI, which will demonstrate intel-
ligent transportation infrastructure at approximately
12 locations across the Nation, aims to raise the
awareness of the benefits of integrated ITS services
and encourage public sector officials to build support-
ing infrastructure. The MDI will showcase metropol-
itan infrastructure at four sites (Seattle, Phoenix, San
Antonio, and the New York City tristate region),
which were chosen from among 23 proposals received
after a February 1996 request for participation. These
areas will receive 50-50 match funding to deploy ITS
infrastructure. Under the CVISN MDI, seven model
deployment projects (in California, Colorado,
Connecticut, Kentucky, Michigan, Minnesota, and
Washington/Oregon) were chosen from 12 proposals
received after a July 1996 request for applications.
These projects will also receive 50-50 match funding
to deploy CVISN components by the end of FY 1999.
Before this selection, two States (Maryland and
Virginia) were named to deploy prototype CVISN and
to provide lessons learned. The prototype projects will
be completed during FY 1997.

The Federal role includes shepherding ITS infrastruc-
ture deployment, evaluating the effects and benefits of
deployment, and providing technical assistance. The
national ITS architecture will serve as a framework for
building ITS infrastructure at model deployments. The
benefits of the products and services implemented at
MDI sites will be assessed in terms of safety, efficien-
cy, mobility, customer satisfaction, productivity, and
environmental impact.

Mission: The mission of the MDI is to develop model
sites to exhibit ITS infrastructure in metropolitan areas
and commercial operations (as well as to showcase
successful jurisdictional and organizational working
relationships) for public and private sector decision-
makers. The metropolitan MDI sites will demonstrate
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the benefits of integrated advanced travel management
services that feature a strong regional, multimodal
traveler information component. The CVISN projects
will demonstrate the benefits of exchanging CVO
safety and regulatory information and conducting
compliance transactions electronically.

Program Results: The more exposure individuals
have to useful products and services, the more likely
they are to accept, purchase, and use them. By allowing
the general public and local officials to experience first-
hand benefits from ITS infrastructure, the MDI will
foster acceptance and more widespread deployment of
intelligent transportation infrastructure. The MDI will
also foster and strengthen institutional arrangements
necessary for integrated and intermodal ITS deploy-
ments. Even before the actual demonstrations, the MDI
solicitation has catalyzed institutional collaboration,
even among sites that were not selected. Many of these
sites are proceeding with their ITS deployment plans
without direct U.S. DOT funding support.

Future Directions: The U.S. DOT expects to com-
plete evaluation plans for the MDI sites by February
1997, and project participants will complete detailed
test plans in 1997. Evaluators will have at least
8 months to collect baseline data before each site
deploys ITS infrastructure. These data will be com-
pared with post-implementation data to measure the
effectiveness of ITS infrastructure. The demonstra-
tions will begin in FY 1998-99.

3. MAINSTREAMING AND TECHNICAL ASSISTANCE

Scope: Mainstreaming efforts and technical assistance
to State and local officials encompass several activities.
These activities include technical workshops; focus
groups and formal surveys designed to ascertain how
well State and local officials and transportation profes-
sionals understand and accept ITS technologies; case
studies evaluating lessons learned from deployment;
analysis of privacy issues and development of privacy
principles; analysis of financial, legal, and institutional
issues involved in procurement and contracting; devel-

opment of local and State outreach programs; and
strategies for encouraging public-private partnerships.

In particular, U.S. DOT is striving to incorporate
ITS/CVO more fully into State and metropolitan
transportation planning activities, help coordinate
ITS/CVO activities among agencies and States, and
explain the ITS/CVO program to key decision makers
in the public and private sectors. The national
ITS/CVO mainstreaming program is active in five
major areas: (1) convening State and regional working
groups made up of representatives of key public and
private sector CVO stakeholders, (2) developing State
and regional CVO business plans, (3) conducting ben-
efit-cost analyses and other technical studies that pro-
vide supporting information for deployment planning,
(4) identifying CVO “champions” in seven regions to
work with the regional and State working groups and
encourage CVO deployment, and (5) providing out-
reach services and education to State and industry
stakeholders that will increase the awareness of and
support for ITS/CVO activities.

Mission: Planning and technical assistance fulfill four
objectives: determining needs for technical assistance
and developing mechanisms for its delivery; bringing
together public and private professionals to discuss
solutions to challenges encountered by the deploy-
ment of ITS services; expanding the base of knowl-
edge and creating awareness of ITS benefits for a wide
range of public officials, transportation professionals,
and the general public; and promoting ITS in the State
and metropolitan planning processes by educating the
ITS community about planning and regional planners
about the potential of ITS.

Program Results: The success of the ITS Program
hinges on enhancing awareness of the benefits gener-
ated from successfully deployed ITS technologies and
also on offering innovative ways for State and local
governments to mainstream ITS solutions into the tra-
ditional transportation planning process. U.S. DOT
has developed a preliminary handbook, Integrating
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ITS with the Transportation Planning Process, which
describes how ITS can fit within ongoing planning,
implementation, and operational activities for high-
ways, transit systems, CVO, and other modes of trav-
el. The material addressed in this handbook will be
presented at workshops held during 1997.

In addition, 33 States have followed the U.S. DOT’s
recommendation and formed 7 regional forums to
ensure that ITS/CVO services are delivered to areas
that have the greatest trucking volumes and that ser-
vices within these areas are uniformly provided (see
Exhibit II-9). The forums are based on seven major
population and economic regional “trucksheds” (in
New England, and the Southeast, Mid-Atlantic,
Great Lakes, Mississippi Valley, West, and
Northwest). The forums are designed to improve
motor carrier operations, build capacity, and explain
the purposes, technologies, costs, and benefits of
ITS/CVO services to State legislatures, private
industry, and the public.

Future Directions: The ITS program staff is making
a concerted effort to become more actively involved
with the transportation planning community. The U.S.
DOT will continue to provide guidance to transporta-
tion planners to incorporate ITS into the traditional
planning process.

Research is also underway to better understand imped-
iments to deployment and post-deployment user satis-
faction through interviews with local decision makers,
including State and local public sector transportation
managers in metropolitan areas. This effort will pro-
vide information on how to build ITS infrastructure
and will produce a marketing plan to effectively target
U.S. DOT outreach and training.

For ITS/CVO mainstreaming efforts, each State that
has opted to become part of the regional forums will
develop an ITS/CVO business plan that will outline
the specifics of CVO and help States plan for ITS
deployment. These plans are expected to be complet-
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ed by December 1997, and regional plans will be com-
pleted by 1998. Regional “champions” are expected to
be launched by spring 1997. These champions will
provide dedicated, full-time support, guidance, and
assistance to Federal and State decisionmakers in
areas related to ITS deployment for CVO.

4, BUILDING PROFESSIONAL CAPACITY

Scope: In a 1995 survey and report conducted by the
Institute of Transportation Engineers, 50 percent of
State agency respondents rated their staffs’ abilities
to operate automated systems as fair or poor, and
66 percent rated their staffs’ abilities to maintain
such systems as fair or poor. Confronting these chal-
lenges, U.S. DOT developed a 5-year ITS Professional
Capacity Building (PCB) strategic plan to train trans-
portation professionals to plan, design, deploy, oper-
ate, and maintain ITS technologies, services, and
applications.

The program focuses on a wide range of audiences,
including Federal staff, elected officials, State and
local practitioners and planners, university students,
and the general public. At a public level, the program
will raise awareness about ITS elements and their pub-
lic benefits. At the more specialized and intensive lev-
els, the program will develop and deliver training
courses on technical and institutional issues related to
critical ITS elements. The U.S. DOT will accomplish
this task in cooperation with its partners, professional
societies, colleges and universities, and representa-
tives of the transportation industry. Training will be
delivered via conventional means, as well as through
new educational methods, such as computer-based and
other distance-learning techniques.

Mission: In the short term (1 to 2 years), the U.S.
DOT seeks to provide training and capacity building
to its staff, State and local partners, and other trans-
portation professionals. Short-term efforts include the
development of six seminars on the following topics:
benefits and costs of ITS deployment, public-private
partnerships, innovative procurement strategies for
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deployment, ITS in the transportation planning
process, system engineering and system architecture,
and telecommunication technical and policy issues. In
the longer term, the program will enhance the skills
and abilities of transportation officials at all levels of
government. The PCB program will also encourage the

development of new courses and programs at universi-
ties and colleges to develop the next generation of
transportation professionals, who will be fully cog-
nizant of ITS technologies and trained to successfully
develop, integrate, and deploy them.

ExHisIT 11-9
ITS/CVO MAINSTREAMING PROJECTS

_.| states with ITs/cvo Mainstreaming Projects
- Lead States in ITS/CVO Mainstreaming Projects

95N 195 Codlition/Northern {Lead State, NJ)
95E 195 Codlition/Eastern {Lead State, NJ)
AS  Advantage CVO/Southeastern (Lead State, KY)
AGL  Advantage CVO/Great Lakes {lead State, KY)
MV Mississippi Valley (lead State, MO)
NW  Northwestern {Lead State, WA)
W Western {Lead State, OR}
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Program Results: This program will ensure that suf-
ficient numbers of trained Federal, State, and local
ITS professionals will be available and that a suffi-
cient number of trained professionals will enter the
workforce through ITS graduate and undergraduate
programs. Using a multidisciplinary and multilevel
approach, the PCB program will provide its audience
with knowledge of all aspects of the ITS program and
the skills to handle technical and institutional impedi-
ments to deployment. The program will also provide
training via new distance-learning methods to address
the concern that many State and local officials do not
have the resources to travel to centrally located train-
ing facilities.

Future Directions: During FY 1997, the PCB pro-
gram will provide awareness and overview training to
U.S. DOT personnel at headquarters and in the region-
al and division offices and at forums across the Nation
to transportation officials and the general public.
Overview short courses or seminars will be developed
and delivered in six technical areas to Federal, State,
and local practitioners to provide the general knowl-
edge needed to help them consider and deploy ITS
applications. In 1998 and beyond, specialized short
and long courses will be delivered to transportation
managers in the field, new course-delivery methods
will be developed, and intensive training programs
will be launched to educate the next generation of
entry-level transportation practitioners.

SYSTEM ARCHITECTURE AND STANDARDS
DEVELOPMENT EXPENDITURES

About 4 percent of ITS funding has supported devel-
opment of the national ITS architecture and identified
essential standards. These efforts establish a frame-
work for integrated, interoperable, and intermodal ITS
services and infrastructure. In particular, the architec-
ture has provided the basis for an FCC strategy, pro-
moted the need for augmented GPS, and otherwise
emphasized the importance of the capability, accuracy,
and security of enabling communication technologies.
Both the architecture and standards programs are part
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of the U.S. DOT’s enabling research program, which
is described more fully in Chapter III.

I. ARCHITECTURE

Scope: The national ITS architecture, which
addressed 29 of the 30 currently identified ITS user
services (as of December 31, 1996), defines the infor-
mation flows between system components and sets
forth a set of requirements for the standards and
protocols needed to achieve interoperability and com-
patibility. The full architecture documentation pack-
age is approximately 5,600 pages long, comprising 18
volumes. Much of the detail is for system designers
and implementors developing detailed component
specifications.

Mission: The architecture is a blueprint that defines
the subsystems and data flows (i.e., information that
must be shared between subsystems) to allow ITS ser-
vices to work together within and across jurisdictions.
The architecture is extensive and technically detailed
and covers a broad range of technical and institutional
topics. Most important, the architecture identifies the
interfaces between subsystems for which standards
must be developed.

Program Results: The national ITS architecture pro-
vides a unified framework within which public agen-
cies and private firms alike can develop and deploy
ITS with the confidence of national interoperability, as
well as protection against the risk of technological
obsolescence for early deployments. By addressing
multiple ITS services, the architecture accommodates a
high degree of intermodal integration. It also provides
the flexibility for ITS components to be deployed to
whatever extent and in whatever sequence make sense
within a given jurisdiction or industry sector, with the
assurance that they will be able to work with pre-exist-
ing ITS components and those yet to be deployed.

Future Directions: The system architecture activity
essentially accomplished its goal of providing a prac-
tical framework to guide developers of ITS technolo-
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gies and system integrators, and it identified areas that
require standards. In addition, in FY 1997, the archi-
tecture’s capabilities were extended to address the
highway-rail crossing user service. The program is
developing additional guidance and technical assis-
tance documents to help practitioners adapt the nation-
al architecture to fit local needs. The effectiveness of
the architecture will be evaluated and refined by the
model deployments of ITS infrastructure.

2. STANDARDS

Scope: The standards program is focusing on interface
standards resulting from the national architecture stud-
ies, which identified 45 specific interfaces (and asso-
ciated message sets) necessary to achieve nationwide
compatibility. In 1996, the U.S. DOT signed coopera-
tive agreements with five SDOs—the American
Association of State Highway and Transportation
Officials (AASHTO), the American Society for
Testing and Materials (ASTM), the Institute of
Electrical and Electronics Engineers (IEEE), the
Institute of Traffic Engineers (ITE), and the Society of
Automotive Engineers (SAE)-—to advance critical
standards to support the building of intelligent trans-
portation infrastructure and individual ITS applica-
tions. Other efforts include development of commu-
nication protocols and enabling/crosscutting standards
(e.g., for location-referencing systems, spatial data
transfer, and data dictionaries). The ITS standards pro-
gram is being formulated by U.S. DOT and ITS
America. Together, the two organizations have created
a comprehensive plan for coordinating the various
standards activities through such efforts as the work-
ing committees sponsored by ITS America.

Mission: ITS services must “speak the same lan-
guage” to share data and work together effectively.
ISTEA directed the Secretary of Transportation to
“develop and implement standards and protocols to
promote widespread use and evaluation of ITS tech-
nology” and to “promote compatibility among ITS
technologies implemented throughout the States.”
Consistent with this mandate, the ITS program has

adopted five standards goals: facilitating interoper-
ability, providing an environment in which public
sector agencies (and others) can choose ITS products
and services from among multiple vendors, ensuring
the safety of the traveling public, facilitating the
deployment of ITS, and helping to create an ITS mar-
ket.

Program Results: Standards will allow for the inte-
gration of hardware and software products manufac-
tured by independent vendors for ITS applications.
These standards will create and sustain a broad-based
market for manufacturers, facilitate the retrofitting of
systems that are already deployed, and allow interop-
erability and interchangeability of ITS products. The
adoption of the NTCIP, which allows traffic manage-
ment centers to obtain information from multiple
sources, and the “Smart Bus Bus” suite of standards,
which allows integration of electronic functions on
transit buses, are two of the program’s major achieve-
ments. (The first “bus” in “Smart Bus Bus” refers to
transit vehicles, and the second refers to the devices
that enable electronic networking.)

Future Directions: The U.S. DOT will continue to
support development and acceptance of standards
through ITS America and SDOs to address critical
public interests. The U.S. DOT will ultimately make
Federal funding for ITS components contingent on
adherence to industry standards.

CVO EXPENDITURES

Approximately 4 percent of ITS funding has sup-
ported CVO projects. CVO activities have also been
funded in the mainstreaming and R&D efforts. The
CVO program is discussed in greater detail in
Chapter HI.

Scope: Total funding helped sponsor several activi-
ties, from strategic planning to field testing to deploy-
ment support. These activities include the design of
the national carrier safety fitness system, which pro-
vides interstate carriers’ safety histories to roadside
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inspection stations. Other projects include: establish-
ment of a vehicle-roadside communication standard to
enable commercial vehicles to travel nationwide using
one transponder for multiple purposes, full-scale testing
of electronic clearance services in the Advantage 1-75
project (which is the longest ITS deployment in the
world, with anticipated participation of 4,500 vehicles
and the eventual capability for nonstop truck travel
from Florida to Canada), implementation of the proto-
type CVISN Phase I system for roadside electronic ver-
ification in two States, completion of the evaluation of
advanced brake-testing technology at the roadside to
expedite the truck and bus inspection process and
increase the number of annual inspections, and comple-
tion of the detailed system design for the carrier/vehi-
cle-based safety and fitness electronic record (SAFER)
system for vehicle screening and inspection.

Also as part of this program, 250 motor carrier safety
assessment program (MCSAP) sites are being
equipped with pen-based computer systems for easier
inspections and automated selection that will allow
unsafe carriers to be singled out for inspection.

FHWA is conducting operational tests to demonstrate
commercial vehicle electronic clearance at interna-
tional borders, including proper identification of
Mexican and Canadian motor carriers at Otay Mesa,
CA; Detroit, MI; Buffalo, NY; and Nogales, AZ. At
these same four sites, as well as in El Paso and Laredo,
TX, the U.S. Customs Service is testing the North
American Trade Automation Prototype (NATAP),
which is expected to be launched in September 1997.
NATAP will enable data on goods, carriers, and dri-
vers to be entered electronically only once, allowing
for multiple use across 53 U.S. agencies and their
counterparts in Mexico and Canada. FHWA is assist-
ing with the NATAP testing as it relates to electronic
clearance for motor carriers.

Mission: The CVO program’s mission is to provide

high-quality, efficient, safe, and legally compliant
commercial vehicle shipping and busing services
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throughout North America. CVISN, which expands
the vision of ITS/CVO, is striving to establish a fully
integrated collective of motor carrier information sys-
tems that supports safe and seamless commercial
transportation by providing timely and easily accessi-
ble information to authorized users. The CVO pro-
gram’s three primary goals are to improve highway
safety, increase motor carrier productivity, and stream-
line regulatory and enforcement procedures.

Program Results: The ITS/CVO program has helped
change the business of regulating commercial freight
by convincing multiple agencies to work together and
by encouraging them to adopt the emerging trends in
information and data management. In addition, field
tests have helped promote de facto standards; several
States have adopted the transponder used in the HELP,
Inc., and Advantage 1-75 projects. As of December
1996, U.S. DOT had also prepared 200 MCSAP sites
for the initial phases of the SAFER program. A key ele-
ment of the field testing of electronic clearance at the
Detroit, Buffalo, Otay Mesa, and Nogales internation-
al border crossings is their eventual integration with
NATAP, an initiative developed by the U.S. Customs
Service. U.S. DOT has been coordinating its efforts at
the Canadian and Mexican land borders with the
NATAP efforts to ensure compliance with vehicle, dri-
ver, and carrier safety and credential requirements,
while streamlining the flow of trade traffic.

Future Directions: Future activities are focused
on deploying CVISN at seven pilot sites as part of
the MDI, and supporting CVISN deployment in all
interested States by 2005. Work will continue to deploy
clearance and enforcement-related technologies at
international border-crossing sites. The program will
also emphasize compatibility of ITS/CVO services for
road travel with cargo systems used in rail, air, and
marine transportation throughout North America.
Finally, the program will focus on achieving closer
coordination with officials from Canada and Mexico to
ensure that advanced ITS applications used at border
crossings are compatible and reciprocal.
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AHS EXPENDITURES

About 5 percent of ITS funding has been dedicated to
the development of an AHS prototype. The AHS pro-
gram also benefits by sharing results of research from
the advanced collision avoidance program. The AHS
program is discussed in greater detail in Chapter III.

Scope: The AHS program aims to create a prototype
that can achieve automated “hands-off” operation of a
vehicle. The first major milestone of the AHS program
was the award of the cooperative agreement with the
National AHS Consortium (NAHSC) on November 8,
1994. One hundred organizations have signed on as
associate members—an unprecedented consortium of
public, private, and academic interests. NAHSC core
members include Bechtel, the California DOT,
Carnegie Mellon University, Delco Electronics,
General Motors, Hughes, Lockheed Martin, Parsons
Brinckerhoff, and the University of California
Partners for Advanced Transit Highways (PATH)
Program.

The NAHSC work plan lays out a multiyear effort to
develop and advance the critical technologies required
to support the 1997 AHS demonstration, select and
evaluate AHS concepts, and build and test an AHS
prototype. The program is organized into three phases:
analysis, system definition, and operational testing
and evaluation.

Most of the funding to date has supported research and
engineering efforts to define and develop prototypes
of the optimal AHS configuration and deployment
approach. The program is also conducting case studies
in selected cities, focused on commuter, trucking, and
public transit users.

Mission: ISTEA mandated an AHS program by
requiring U.S. DOT to: “develop an automated high-
way and vehicle prototype from which future fully

automated intelligent vehicle-highway systems can be
developed. Such development shall include research
in human factors to ensure the success of the man-
machine relationship. The goal of this program is to
have the first fully automated roadway or test track in
operation by mid-1997.”

Given this mandate, U.S. DOT’s goals are to ensure
that automated highways are designed to improve
safety, increase efficiency, enhance mobility and
access, and provide more convenient and comfortable
highway traveling. The program focuses on gradual
implementation of vehicle-highway automation capa-
bility, leading to eventual full automation.

Program Results: The AHS program has one of the
greatest potentials for operational improvements in
vehicle throughput and safety. In FY 1997, the
demonstration of a preliminary AHS concept will be
conducted on HOV lanes in the median of I-15 in San
Diego, CA, and accompanied by displays and
exhibits. The AHS demonstration will integrate basic
collision avoidance capabilities with new capabilities
in automated vehicle control; the vehicles and the
highway will perform together as a unified system. In
addition to the technology demonstrations, the 1997
event will include an exposition illustrating how an
automated highway might become part of a region’s
transportation system through a gradual roll out of
new capability.

Future Directions: Beyond the 1997 demonstration is
the selection and prototype testing of the preferred
AHS configuration. Upon completion of the system
definition phase, in 2002, NAHSC will select a pre-
ferred system approach; operational tests will begin
shortly thereafter. Opportunities to conduct opera-
tional testing of spinoff systems will be developed at
the same time.
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he national ITS Program comprises six broad

areas and is stewarded by the ITS JPO. As the
ITS Program has evolved over the past 5 years, the
framework found most useful for describing the over-
all effort identifies five bundles of functionality that
address related users and effects on users, service
providers, and shared physical and information infra-
structure. Gathered within these bundles are ITS user
services targeting specific needs; so far, the U.S. DOT
has categorized 30 ITS services. The sixth program
area is crosscutting research, which supports and
enables all five functional areas.

PROGRAM AREAS

A. ENABLING RESEARCH

Enabling research, especially that for system architec-
ture and standards, provides the framework for nation-
al interoperability among all ITS components. This
program area particularly focuses on building and sup-
porting the intelligent transportation infrastructure.
The research program also refines the capabilities of
enabling technologies for ITS applications (such as
communication, sensing, and tracking technologies)
and investigates human factors and institutional
impediments to ITS deployment.

B. AbVANCED METROPOLITAN TRAVEL
MANAGEMENT SYSTEMS

Most of the elements of ITS now being deployed
across the Nation are advanced metropolitan travel
management systems, which encompass a wide range
of services for traffic, travelers, and transit. These sys-
tems include advanced traffic management systems
(ATMS), advanced traveler information systems
(ATIS), and advanced public transportation systems
(APTS). The ATMS, ATIS, and APTS programs assess
the technical viability of ITS user services and evalu-
ate their benefits and impact on travelers and trans-
portation operators. The U.S. DOT is currently facili-
tating the deployment of intelligent transportation

1. ITS PROGRAM DETAIL

Chapter Overview

infrastructure that would support and integrate nine
essential ATMS, ATIS, and APTS services in metro-
politan areas.

C. ADVANCED RURAL TRANSPORTATION
SYSTEMS

Advanced rural transportation systems (ARTS) apply
ITS services and technologies to address the unique
safety and mobility problems of rural communities.
The ARTS program assesses specific user needs of
diverse communities, identifies applications of ITS
technologies that can satisfy needs and deliver bene-
fits, and develops a concept for a communication and
information infrastructure that will support and inte-
grate ARTS services and link them with metropolitan
ITS infrastructure.

D. CoMMERCIAL VEHICLE OPERATIONS

The ITS/CVO program focuses on the regulatory
compliance processes and safe operation of commer-
cial vehicles that carry freight and/or passengers.
ITS/CVO systems apply technologies and information
networks to increase productivity and efficiency for
both fleet operators and State motor carrier regulators.
They also enable States to more effectively target un-
safe carriers, vehicles, and drivers. The program eval-
uates the potential benefits of individual ITS/CVO
user services and develops an information and com-
munication infrastructure, CVISN, which will support
and integrate multiple ITS/CVO services.

E. ADVANCED CoOLLISION AVOIDANCE AND
VEHICLE SAFETY SYSTEMS

Advanced collision avoidance and vehicle safety sys-
tems aim to enhance driver and nonmotorist safety
through human-centered smart vehicles equipped with
technologies that can sense objects, warn of and/or
help drivers avoid impending collisions, automatical-
ly signal for help in the event of a collision, and mon-
itor driver alertness. The advanced collision avoidance
program is assessing the potential of these systems to
reduce accidents and developing guidelines for system
performance. The program focuses largely on basic
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and applied research; widespread deployment of the
first advanced systems is expected in 4 to 5 years. The
program also shares its research with the automated
highway system (AHS) program because AHS con-
cepts will probably rely in large part on vehicle-based
intelligence provided by collision avoidance technolo-
gies.

F. AUTOMATED HIGHWAY SYSTEM

The AHS permits automatic operation of vehicles
along dedicated highway lanes to improve safety and

capacity. The AHS program is closely coordinated

with the collision avoidance research program because
AHS concepts will share key subsystems (e.g., vehi-
cle-based sensors, computational elements, and the
driver interface) with collision avoidance systems.
The AHS program defines system requirements for
AHS prototypes. In 1997, the program will demon-
strate a preliminary AHS concept, as required by
ISTEA.

CHAPTER OVERVIEW

This chapter, “ITS Program Detail,” presents the
goals, activities, technical lessons learned, benefits,
institutional issues, and future directions for each of
the program areas discussed above.

Each section of the chapter first addresses a specific
program area, describing the general problems and
needs addressed by the program area, along with spe-
cific ITS applications that can resolve these problems
and needs.

[Se]

The next sections, on program goals and activities,
describe the mission and objectives of each program
area and identify accomplishments. These sections
also highlight the tools and products developed by
specific ITS programs to advance ITS applications.

The sections on technical lessons learned describe
how various activities of specific ITS program areas
have advanced state-of-the-art knowledge about the
viability, feasibility, and impact of individual and inte-
grated ITS services. These sections also summarize
what has been learned about the effectiveness of the
technology to perform required tasks and identify
issues related to technology transfer for ITS applica-
tions.

The sections on benefits summarize what has been
learned about the advantages and impacts of ITS ser-
vices on travelers, system operators, and the private
sector.

Institutional issues and user acceptance are also dis-
cussed for each program area. These paragraphs sum-
marize what has been learned about institutional
impediments, innovative partnerships resulting from
ITS projects, and the responses of various users to new
ITS services and products.

Finally, the sections on future directions identify the
future activities and strategies of each program area,
particularly as the activities relate to research, devel-
opment, and deployment of individual ITS services
and infrastructure.
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How can ITS applications function and deliver
services effectively and safely? This is the pri-
mary question asked by the U.S. DOT’s research
efforts to provide both a framework and a foundation
to enable ITS services to perform at their maximum
capabilities.

The enabling research program encompasses four
broad areas of investigation. The first area targets the
development of a comprehensive system architecture
that establishes a framework for national compatibili-
ty of all ITS components. The second category pur-
sues standards that allow the ITS services arrayed
within this framework to share information and data
using a consistent language and format. The third cat-
egory of research addresses human factors that influ-
ence how the safety and performance of users are
affected by ITS technology. The fourth category is
directed toward improving the capabilities of elemen-
tal enabling technologies that allow ITS applications
to function and provide services. The following sec-
tions describe these broad research categories and the
program goals and activities, technical lessons
learned, benefits, institutional and user issues, and
futare directions associated with each.

NATIONAL ITS ARCHITECTURE

Any complex system that consists of many technical
components and subelements carries the inherent risk
of technological chaos—incompatibility, premature
obsolescence, and costly inefficiency. A system archi-
tecture provides a unifying framework to ensure that
technologies can work together smoothly and effec-
tively. The system architecture for a home entertain-
ment system, for example, allows a television, video-
cassette recorder, audiotape deck, compact disc play-
er, radio, headphones, speakers, and remote control to
function as a unified system, even when individual
components are designed and produced by different
manufacturers.

. ITS PROGRAM DETAIL
A. Enabling Research

In much the same way, the national ITS architecture is
the master plan that defines major ITS components
and describes how system elements can interact com-
patibly. It provides a comprehensive technical and
institutional framework that allows individual ITS ser-
vices and technologies to work together and share
information. Because the architecture is policy neu-
tral, it supports a broad range of modal and intermodal
strategies and accommodates an extensive choice of
starting points and implementation sequences.

The framework provided by the architecture is also
inclusive, flexible, and expandable, delineating the
optimal interrelations between functional components
to enable 29 ITS user services. Its flexibility allows
new user services to be added as required. Indeed,
work incorporating the 30th user service, targeting
improved safety at highway-railroad grade crossings,
was completed in January 1997.

More specifically, the national ITS architecture
defines the following aspects of ITS:

* Functions necessary to perform a given ITS user
service.

* Subsystems that perform user service functions
(i.e., roadside or vehicle equipment).

* Interfaces and information flows between subsys-
tems.

* Communication modes (wired or wireless) for
transmitting ITS information.

* Requirements for development of standards to sup-
port national ITS interoperability.

The ITS architecture consists of a logical architecture
and a physical architecture. The logical architecture
defines eight major processes and associated infor-
mation flows, which are: (1) managing traffic, (2)
managing commercial vehicles, (3) providing vehicle
monitoring and control, (4) managing transit, (5)
managing emergency services, (6) providing driver
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and traveler services, (7) providing electronic pay-
ment services, and (8) planning system deployment
and implementation.

The physical architecture allocates the processes of
the logical architecture to 19 major physical subsys-
tems, which are organized into four basic physical
classes (i.e., transportation management centers, road-
side equipment, vehicles, and travelers). The physical
architecture has three major layers of infrastructure:
transportation, communications, and institutional. The
transportation layer deals with the transportation infra-
structure and operations of ITS. The communication
layer identifies how existing and developing commer-

cial or dedicated communication systems and open
protocols can support ITS services. The institutional
layer outlines possible roles and relationships among
public and private institutions—particularly how the
Federal Government, State and local governments,
vehicle manufacturers, and information and communi-
cation service providers could work together to imple-
ment ITS user services. Exhibit III-1 shows the devel-
opment of the logical and physical architectures.

PROGRAM GOALS

The national ITS architecture effort seeks to provide a
unified, technology-neutral, and policy-neutral frame-
work that allows independent ITS designs and imple-
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mentations by public sector and private parties, but
ensures that they are compatible. The objectives of the
architecture program are as follows:

* Design a theoretical and practical structure in
which different ITS functions can seamlessly oper-
ate with each other to provide various levels of ser-
vice to travelers and system operators.

 Tllustrate how ITS services can be incorporated in
existing infrastructure and accommodate future
technological advances.

» Support “open” standards that enable multiple
public and private organizations to independently
deploy ITS components that work together, regard-
less of who designed or manufactured the particu-
lar hardware or software.

PROGRAM ACTIVITIES

The national ITS architecture, adopted by the U.S.
DOT and ITS America in July 1996, is a cornerstone
achievement of the ITS Program that paves the way
for accelerated ITS development and integrated ITS
deployment. The ITS architecture is designed to sup-
port the unique needs of urban, interurban, and rural

areas throughout the United States. It has been honed

and refined through some 50 public reviews and
reflects input from a broad spectrum of stakeholders.

From September 1993 through 1994, four teams
developed independent concepts for a national ITS
architecture. A number of technical experts and stake-
holders evaluated the resulting concepts. The U.S.
DOT then selected two teams to work together to
merge the best concepts from all four teams into the
national ITS architecture. In June 1996, following
extensive technical and public review, the two teams
delivered more than 5,600 pages of documentation

in 18 volumes, collectively titled The National .

Architecture for ITS: A Framework for Integrated
Transportation into the 21st Century.

TECHNICAL LESSONS

The national ITS architecture development process
determined that many ITS user services, with the
exception of advanced collision avoidance and AHS
concepts, can be implemented using proven, commer-
cially available technologies. In general, technological
constraints pose less of a risk to ITS implementation
than do market resistance, public sector budgetary
constraints, and institutional impediments to public-
private partnerships.

In developing the ITS architecture, the teams found
that enhancing communication networks and services
is particularly important to ensure that ITS compo-
nents are widely operable, accessible, and integrated.
The extent and characteristics of communication net-
works will affect the degree of ITS interoperability
across the Nation. Communication networks will also
influence how site-specific architectures will evolve in
various locales because the national architecture does
not rigidly mandate specific enabling technologies to
implement ITS services.

Communication is one of the fundamental structural
elements that makes up intelligent transportation infra-
structure because it serves as the path ITS services use
to gain access to and share information. Communica-
tion networks also link disparate ITS applications to
each other and to centralized management centers,
allowing for the key functions of data gathering, syn-
thesis, delivery, and broadcast to occur in real time.
Because of their importance to ITS, the architecture
advocates five types of communication links:

* Wide-area broadcast, such as that provided to an
automobile’s FM radio receiver.

* Wide-area two-way wireless, which allows more
advanced, interactive services over, for example, a
cellular phone link.

* Dedicated short-range communications (DSRC),
such as wireless vehicle “tags” for toll collection.
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* Vehicle-to-vehicle communications, which will
someday provide vehicles with collision-warning
and avoidance capabilities and play a critical role
in AHS.

*  Wireline communications, which include regular
“phone line” devices, such as phone, fax, modem,
video, and high-speed data networks.

In researching various options and technologies, U.S.
DOT has learned that ITS communication needs can
be met through a combination of owned facilities,
leased services, or both, including emerging digital
communication developments associated with the
national information infrastructure initiative. For the
most part, as noted by a member of the architecture
development team, “the choice of which particular
communications technology is used becomes a local
design decision.” The architecture did emphasize,
however, that short-range communication spectrum is
needed in the 5850 to 5925 MHz band to meet DSRC
needs (such as vehicle to roadside transactions).

In addition to communication systems, development of
standards for specific architecture elements is another
area of importance for the national ITS architecture.
The standards requirements derived in the architecture
development effort were sorted into 12 groups to
be addressed by appropriate SDOs. Subsequently,
45 potential standards development projects were iden-
tified, and 20 have already been initiated as high-prior-
ity development items for the next 1 to 2 years. Of par-
ticular concern is the absence of a common location
reference standard because it is neither cost effective
nor practical to accommodate the several methods that
now exist for identifying a geographical location.

BENEFITS

The national ITS architecture provides a guiding
structure based on open-system concepts and recom-
mended nonproprietary standards. Significantly, the
architecture also enables a degree of modal integration
and system interoperability that would not otherwise
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APPLYING THE NATIONAL ITS
ARCHITECTURE IN MINNESOTA

‘In 1994, the Minnesota Department of Transportation
(MnDOQT) initiated a project called Polaris to create an

ITS architecture for the State of Minnesota. Polaris was

‘a partnership between MnDOT and Loral Federal
' Systems, now Lockheed Martin. The goal of Polaris was
' to integrate ITS field trials and prepare for deployment

ona Iarger scaie '

,Rather than starting from scratch, the Polaris team
' looked to the national ITS architecture as a blueprint.
~ from which to develop Minnesota’s own architecture.

Polaris derived its user services, requirements, -and

technological functions. from the national ITS architec-
ture. With these guideposts already in place,
‘Minnesota’s engineers and planners could focus their

efforts on tallormg an archltecture that would fit their

, States needs

 To better’ understand these needs, extensive market
" research was conducted The Polaris team held in-
[ depth discussions: with various transportation agencies |
- throughout the State to learn about their preferences
- and requirements. These discussions highlighted a lack
" of coordination among agencies, as well as a lack of .
,;fundlng In. -addition, the Polaris team conducted i
~focus groups with. travelers throughout the State and

surveyed more than 1,000 individuals about their

needs

{These ‘discussions resulted in a traveler information |
| model that is moving Minnesota toward a stronger pri-

vate sector role in the delivery of traveler information. -
- The 'cfeetlon of this model helped attract interested
 private sector parties by illustrating their potential
',roles in lmplementlng ITS and demonstrating the
rewards of investing in these new transportation tech-
- nologies. At the same time, Polaris helped clearly
' define system spec;’r‘ ications for all transportatlon agen- 7
| cies. : - '

- Minnesota is now in the early stages of Orion, the

State’s deployment effort, Orion is a $26 million coop-

- erative public-private ITS deployment based on Polaris.
- and the national ITS architecture principles it embod-
Cles. o '
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be possible to achieve. This integration results in sev-
eral benefits, including lower costs, compatibility,
flexibility, and synergy.

The architecture promotes production economies by
allowing common ITS products and services to be
assembled in a variety of ways to address a range of
needs, saving money for consumers and reducing risks
for producers. Conforming products from competing
vendors will work together, and infrastructure imple-
mented by one jurisdiction will be compatible and
capable of working with systems in neighboring juris-
dictions.

The architecture’s open standards make it flexible
enough to accommodate a wide range of designs and
allow applications to evolve in step with new tech-
nologies and requirements. “Vendor lock-in,” func-
tional isolation, and obsolescence—all of which can
be experienced with proprietary solutions—are less
likely with adherence to a national framework. Access
to a common communication and information infra-
structure will make implementation more affordable
compared with stand-alone systems. In short, the
national ITS architecture results in a wider range of
benefits by supporting a cross section of user services
and facilitating their integration. The development of
the national architecture is an important initial step
toward achieving the vision of a nationwide, fully
integrated ITS.

INSTITUTIONAL ISSUES AND USER
ACCEPTANCE

A key advantage of the national ITS architecture is its
acknowledgment of institutional realities and relation-
ships. The architecture identifies approaches to insti-
tute new policies and ways of implementing trans-
portation systems.

In addition, the national ITS architecture is being
examined and considered carefully by ITS advocates
in Europe, Asia, and other parts of the world. It is

being used by U.S. firms to successfully market ITS
development and engineering services internationally.
U.S. DOT is particularly committed to achieving
internationally consistent ITS architecture principles
and standards, especially in North America, where
implementation of compatible ITS user services
between the United States and its neighbors to the
north and south can facilitate trade.

FUTURE DIRECTIONS

Long-term stewardship of the architecture is an impor-
tant goal of both the U.S. DOT and ITS America. The
U.S. DOT has established the ITS Architecture Task
Force to guide, promote, and facilitate effective, effi-
cient, and rapid adoption of the national architecture.
Key task force goals include the following:

» Increasing awareness of the architecture among
highway and transit agencies.

* Mainstreaming the architecture into the transporta-
tion planning and acquisition processes.

» Ensuring that the architecture remains current and
relevant to transportation decision makers.

» Developing preliminary guidance on what consti-
tutes conformance with the architecture.

A primary activity will be to facilitate adoption of the
architecture’s general concepts and approaches
through technical assistance and awareness-building
seminars aimed at professionals working for Federal,
State, regional, and local transportation agencies.
Efforts are also underway to include technical guid-
ance on the architecture in the U.S. DOT’s ITS educa-
tional initiatives and programs for building profes-
sional capacity.

Preliminary guidance has already been produced on
how to use the architecture to integrate the compo-
nents of a metropolitan ITS infrastructure, which is
published in Building the ITI: Putting the National
Architecture into Action. A draft guide to architecture
implementation for transit applications has been final-
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ized, and four similar guides covering other applica-
tions will be completed in 1997.

A critical next step is to validate the efficacy of the
architecture through field implementation. The metro-
politan and CVISN model deployments will help U.S.
DOT to refine or expand the architecture as a compre-
hensive framework for building ITS infrastructure.

In addition, new user services or technologies will be
incorporated in the architecture as the need arises. For
example, in February 1996, U.S. DOT developed a
national plan to investigate the potential application
and benefits of ITS technologies at highway-railroad
crossings. The ITS program has now incorporated this
service in the national ITS architecture.

STANDARDS

Although the national ITS architecture defines how
ITS components and subsystems can be linked togeth-
er, development of standards is essential in achieving
national compatibility and interoperability.

Standards and protocols establish a common vocabu-
lary so that ITS elements can understand each other.
Without them, systems conforming to the national
architecture will have similar conceptual design and,
perhaps, functionality but may be incapable of seam-
less information exchange. In addition, without stan-
dards for traffic controller interfaces, for example,
local authorities might have to choose proprietary
solutions that are not easily upgradeable or purchase
expensive software customized for a particular equip-
ment configuration. With appropriate standards, com-
patibility, interoperability, and expandability are much
easier and more affordable.

The need for standards cuts across all areas of the ITS

Program. U.S. DOT has identified four categories of
critical ITS standards:
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e Data standards provide uniform formats for data
sharing across ITS applications. Examples include
ITS data dictionaries, common data-formatting
standards, location-referencing standards, and spa-
tial data base interchange protocols.

» Message sets define message content and transmit-
tal procedures among various ITS elements and
subsystems.

¢ Communication standards, many of which
already exist as industry standards, can be modi-
fied to provide additional functionality specifically
for ITS applications. A need exists, however, to
determine which of the available communication
standards will be used for particular functions.

e Performance standards include performance
guidelines that could be the basis for safety stan-
dards, including human factors guidelines for user
interfaces.

PROGRAM GOALS

ISTEA directed the Secretary of Transportation to
“develop and implement standards and protocols to
promote widespread use and evaluation of ITS tech-
nology” and to “promote compatibility among ITS
technologies implemented throughout the States.”
Consistent with this mandate, the ITS standards pro-
gram has adopted the following five goals:

« Facilitate interoperability of ITS services at
interagency, interjurisdictional, State, and national
levels.

» Provide an environment in which public sector
agencies (and others) have multiple vendors from
which to choose when procuring ITS products and
services.

» Ensure the safety of the traveling public.
« Facilitate the deployment of ITS.

» Provide an environment that will promote the cre-
ation of an ITS market.
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The U.S. DOT’s standards development efforts focus
on critical areas of public interest, including safety,
interstate commerce, and development of ITS infra-
structure. The national ITS architecture development
effort led to the identification of 45 interfaces to ensure
national compatibility of 29 ITS user services by the
end of 1996. Standards are also required for many of the
remaining interfaces between ITS services and subsys-
tems identified by the architecture. Consensus has
already been secured on many standards, such as the
National Transportation Communications ITS Protocol
(NTCIP), which facilitates wireline communication

between traffic management centers and field equip-
ment.

PROGRAM ACTIVITIES

The ITS Program is currently concentrating on devel-
oping standards needed to effectively implement intel-
ligent transportation infrastructure that supports met-
ropolitan travel and CVO. These include key interface
standards (including message sets and data dictionar-
ies), communication standards (such as DSRC), loca-
tion-referencing standards, and some safety standards.
Exhibit ITI-2 shows the degree to which U.S. DOT has

Metropolitan ITS
Infrastructure Elements

ExHiBIT 111-2
STATUS OF ITS ARCHITECTURE STANDARDS EFFORTS

Number of Required Data Standards

Freeway Management

Traffic Signal Control

Regional Multimodal Traveler
Information

Transit Management

Electronic Fare Payment

1 23456 7 8 9101112131415161718192021222324 25

Electronic Toll Collection 00%

Incident Management

Emergency Management 0%

Railroad Grade Crossings Not Yet Defined

6l



IMPLEMENTATION OF THE NATIONAL ITS PROGRAM: 1996 REPORT TO CONGRESS

funded standards required for metropolitan ITS infra-
structure as of December 1996.

Although U.S. DOT hopes to secure ITS standards, it
is also taking care not to stifle industry development
or adoption of market-based standards. In 1996, U.S.
DOT executed cooperative agreements with five
SDOs to accelerate the nonproprietary development of
standards for key ITS applications. These SDOs and
their areas of concentration are as follows:

* The American Association of State Highway and
Transportation Officials (AASHTO), focusing on
State-level participation and roadside infrastructure.

* The American Society for

resources and, at the same time, foster public-private
partnerships for ITS deployment.

In anticipation of standards-setting activities, the U.S.
DOT conducted surveys and forums to assess the
needs of the ITS professional community. In 1996,
ITS America and the U.S. DOT jointly surveyed ITS
professionals, including members of SDOs, to estab-
lish priorities for standards. The survey revealed an
immediate need for a traffic management data dictio-
nary to standardize message sets required by advanced
traffic management systems. The data dictionary
allows data exchange between devices and systems
and across jurisdictional
boundaries. Based on the

Testing and Materials
(ASTM), concentrating on
DSRC systems.

» The Institute of Electrical
and Electronics Engineers
(IEEE), developing stan-
dards for electronics and
communication message
sets and protocols.

U.S. DOT selected five Standards
Development Organizations to
develop and gain consensus on

standards. This “bottom-up” approach
allows the Department to leverage
significant volunteer resources and,
at the same time, foster public-private
partnerships for ITS deployment.

overall survey results, the ITS
JPO began working with ITS
America to establish a com-
prehensive plan for coordinat-
ing standards development
efforts.

Also in 1996, the U.S. DOT
held an interoperability sum-
mit to establish priorities for

* The Institute of Traffic
Engineers (ITE), working with traffic management
and transportation planning systems.

e The Society of Automotive Engineers (SAE),
focusing on in-vehicle and traveler information.

U.S. DOT selected these five SDOs for their consid-
erable expertise in developing standards. These pro-
fessional organizations will ensure that their members
and other stakeholders have an opportunity to partic-
ipate in the process for setting standards. The SDOs
will also provide technical support to expedite the
adoption of ITS standards. Typically, the private sec-
tor participates in and supports the consensus-based
SDOs, providing volunteer resources and, in some
cases, field testing. This “bottom-up” approach
allows the U.S. DOT to leverage significant volunteer
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the development of standards
for advanced traveler information systems. Summit
participants reemphasized the need for standardized
message sets and interoperability, commending the
efforts to develop the traffic management data dictio-
nary. The participants also concluded that interoper-
ability is critical to the success of ATIS products and
services because they will be used by the traveling
public in a variety of ways and for various purposes.
ATIS standards will be instrumental in facilitating
this interoperability.

TECHNICAL LESSONS

Some ITS standards will evolve quickly, while other,
de facto, standards may need near-universal accep-
tance by users to stimulate adoption by manufacturers
and providers. Technologies slated for near-term
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deployment—specifically, the metropolitan intelligent
transportation infrastructure and advanced CVO—
need immediate guidance on standards.

BENEFITS

Standards enable the integration of products by differ-
ent vendors and create a broad-based market for retro-
fitting existing systems, thereby extending the useful
life of existing system infrastructure and facilitating
evolutionary technology enhancements. Interop-
erability and the interchangeability of basic compo-
nents also decrease capital acquisition and life-cycle
maintenance costs for consumers by encouraging
price competition.

INSTITUTIONAL IssUeEs AND USER
ACCEPTANCE

The lack of ITS standards seriously inhibits wide-
spread deployment. Ironically, without widespread
deployment activity, there is little industry motivation
to accelerate development of standards. The lack of
clear and stable standards increases the risk to private
firms that develop and market ITS products and ser-
vices. Public agencies are also hesitant to invest in ITS
infrastructure that newer, but incompatible, system
technologies might render obsolete.

To ensure that developed standards have broad consen-
sus support and benefit as much as possible from the
accumulated knowledge of the ITS industry, the U.S.
DOT is not imposing standards from above. Instead,
U.S. DOT is supporting, guiding, and reinforcing the
existing consensus standards development efforts in the
United States by providing funding to five SDOs.
These innovative cooperative agreements have created
a new model of public-private partnership for acceler-
ating the development and adoption of standards.

In addition, U.S. DOT has assimilated the American
National Standards Institute (ANSI) standards devel-
opment process and has worked to foster coordination
among American standards-setting bodies, the Comité
Européen de Normalisation, and the International

Standards Organization (ISO). ITS America repre-
sents U.S. interests in global standards development
through participation in Technical Committee 204 of
the ISO.

FUTURE DIRECTIONS

Agreed-upon national standards are crucial to realiz-
ing the vision of a nationwide intelligent transporta-
tion infrastructure in which ITS applications can
deliver services wherever a traveler goes. Over the
next several years, the standards program will contin-
ue to pursue standards for critical interfaces for ITS
deployment. The formal adoption and implementation
of the NTCIP suite of standards remain a top priority.
Other priorities include determining a DSRC protocol
for wireless vehicle-to-roadside transactions and pro-
mulgating standards and guidelines for the safety per-
formance of in-vehicle ITS devices.

In support of these goals, U.S. DOT has formulated a
strategic plan to target Federal funding toward specif-
ic standards development activities. Federal funding
for ITS infrastructure will also be linked to adherence
of system components to national standards. As a
general rule, the ITS Program will give priority to
standards activities that belong to the following two
tiers:

Tier 1 (0 to 3 years)

» Current activities of SDOs that mesh with the
Federal objectives of promoting national interoper-
ability and facilitating deployment of ITS infra-
structure, including development of message sets
and special ITS communication standards.

« Foundation standards, which support the general
ITS deployment and cover multiple interfaces in
the national ITS architecture, such as data dictio-
naries, location referencing, and safety and human
factors standards.

+ CVO standards, primarily for DSRC and elec-
tronic data interchange.
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* Other standards requirements as identified by
the national architecture that supports ITS infra-
structure, typically in the form of message set stan-
dards.

Tier 2 (3 to 5 years)

* Requirements outside the intelligent trans-
portation infrastructure identified by the nation-
al architecture.

¢ Continued collaboration among the ITS JPO,
SDOs, and ITS America to ensure timely develop-
ment of standards and protocols. Partial funding
will be provided when necessary to ensure that the
process of funding does not supplant, weaken, or
discourage the volunteer consensus process of the
SDOs.

Automated highways will also create a new mode of
“hands-off” driving.

Human factors research aims to ensure that these and
other ITS applications are safe and user friendly. This
research investigates the effects of increasing levels of
information on human performance and safety, specif-
ically to ascertain the threshold between effective
delivery of information and information overload.

ProGRAM GOALS

The goals of the human factors program are to improve
the operational efficiency and safety of ITS products,
services, and applications. To meet these goals, the ulti-
mate objective of the program is to provide design
guidelines and specifications for ITS manufacturers and
service providers.

HuMAN FACTORS
RESEARCH

The effectiveness of ITS
depends on  user-oriented
designs. With in-vehicle infor-
mation services, for example,
drivers will have access to much
more information than in the
past. If this information is not

Human factors research aims
to ensure that ITS applications are
safe and user friendly. This research
investigates the effects of increasing
levels of information on human
performance and safety, specifically to
ascertain the threshold between
effective delivery of information and
information overload.

PROGRAM ACTIVITIES

The human factors program
specifically addresses collision
avoidance systems, ATIS/
CVO, ATMS, and AHS appli-
cations. In 1996, FHWA’s
Turner-Fairbank  Highway
Research Center and NHTSA
completed a human factors
strategic plan to guide current

presented with the user in mind,

information overload will diminish both efficiency
and safety. In particular, commercial drivers have
extra requirements (e.g., cargo monitoring, scheduling
of multiple stops, roadway restrictions, and adherence
to commercial regulations) that could divert drivers’
attention from the primary task of driving safely.
System operators housed within state-of-the-art traffic
management centers will also be charged with
responding to increasing levels of real-time informa-
tion provided by advanced traffic management sys-
tems. In the future, smart vehicles will deliver a
multitude of information, from collision warnings to
route guidance, that will only prove beneficial if dri-
vers can respond to it efficiently and safely.
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and future activities.

Collision Avoidance Systems: The human factors
research program for collision avoidance systems,
which is administered by NHTSA, investigates driver
behavior and performance as they relate to collision
avoidance, optimal methods to convey critical safety
information to drivers, driver workload limitations,
and the possible long-term effects of dependence on
advanced technologies, such as over-reliance on auto-
mated systems and risk compensation.

ATIS/CVO Services: Human factors research into
ATIS/CVO services includes investigation of in-vehi-
cle route guidance and navigation, motorist services,
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and safety advisories and warning systems. This
research examines such issues as the information
requirements of commercial and private vehicle dri-
vers, display formats, accuracy of traffic information,
and transition between ATIS functions. In particular,
U.S. DOT investigates the effects of age, spatial abili-
ty, and navigational information provided by in-vehi-
cle devices on navigational performance, as well as
design impediments to their acceptance and efficacy.
The aim of this research is to set priorities for infor-
mation delivered to drivers, so that routine traveler
information does not obscure or delay critical safety
messages. In December 1995, FHWA published
Preliminary Human Factors Design Guidelines for
Driver Information Systems, which addresses in-vehi-
cle driver interfaces.

ATMS Research: Research in this area focuses on the
human factors requirements of operators in traffic
management centers as they perform a variety of
tasks, including traffic monitoring and incident detec-
tion. A comparative analysis of the design and opera-
tion of different kinds of advanced control centers
(e.g., highway traffic, aviation, military) describes the
critical input, data-processing, and output functions
that influence optimal management of roadway traffic.

AHS Research: These human factors efforts focus on
the limits of driver capabilities, particularly during the
transition between “hands-on” and “hands-off” opera-
tion.

The integration of new information technologies sup-
porting the needs of all drivers, including inexperi-
enced and aging drivers, into the “human-centered”
smart vehicle of the future will be a critical component
of U.S. DOT’s future research agenda. Coordination
with other government agencies is already underway.

TecHNICAL LESSONS

The human factors research program has resulted in
the following important lessons learned:

» The most important design principle for in-vehicle
devices is consistency between information dis-
played inside the vehicle and corresponding infor-
mation displayed on road signs.

* Driver workload may be adversely affected by
business or convenience devices in the vehicle,
such as telephones, computers, or fax machines.

e For determining the safety of in-vehicle devices,
performance measures include standard deviation
of lane position, mean and standard deviation of
speed, mean frequency of driver eye fixations to
other locations, and the number of collision near-
misses.

* Research with the ATMS human factors research
simulator has identified some of the factors that
affect operator performance in traffic management
centers. For instance, results indicate that opera-
tors perform more effectively using automated
incident detection and location systems than they
do using manual detection systems.

BENEFITS

Several major products are emerging from the human
factors program, including design guidelines and
handbooks for ITS information system and traffic
management center designers, a traffic management
center research simulator, data bases that catalog
knowledge obtained from human factors research, and
analysis tools to allow researchers to evaluate effects
on human performance. The program has already
completed an assessment of the effect of in-vehicle
display systems on driver performance, helping to
guide the design of initial in-vehicle display proto-
types. The program is currently developing human
factors design tools that will assist in the design of
advanced traffic management centers.

FUTURE DIRECTIONS

The human factors research program will pursue more
aggressive R&D efforts to fully realize the safety
potential of ITS technologies that are nearing the mar-
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ket. Particular safety-related problems of inexperi-
" enced drivers and the aging population will be
addressed by focusing on the abilities of these groups
to cope with and benefit from information delivery
systems and technologies that will be found in the
smart vehicles of the future. The program will contin-
ue to focus on the needs of commercial drivers and
traffic management center oper-

about how these needs can be fulfilled. Transportation
managers desire availability, security, a high level of
reliability and quality, and cost effectiveness. These
needs can be met through various options of procuring
(leasing) capacity from the existing telecommunica-
tion market, procuring capacity through innovative
shared-resource agreements, building a dedicated net-

work to meet transportation

ators to ensure optimal work-
loads to perform safely and effi-
ciently. The program also plans
to investigate more fully the
human factors issues associated
with AHS. Expanding from its
current focus on the effects of
singular technologies and sys-

“Enabling” technologies, such as
sensing, surveillance, information-
processing, communication, and We have found that the
automation technologies, are the
eyes, brains, and brawn of
ITS services.

needs, or using a combination
of lease/build options.

lease/build decision is strongly
influenced by local geographic
and political conditions; the
choice of telecommunication

tems, the program will also con-

centrate on how combinations of ITS applications
operating within a greater ITS infrastructure will
affect human performance and safety.

ENABLING TECHNOLOGIES

In order for ITS applications to function and deliver ser-
vices, they must be able to see, think, communicate, and
respond to information. “Enabling” technologies, such
as sensing, surveillance, information processing, com-
munication, and automation technologies, are the eyes,
brains, and brawn of ITS services. Often these tech-
nologies are off-the-shelf products developed for non-
transportation applications. In some cases, enabling
technologies, such as civilian GPS, have been modified
from high-tech military functions for the commercial
market. Direct off-the-shelf application of these tech-
nologies to surface transportation concerns is, however,
complex and difficult and requires significant applied
research. Highlights of the U.S. DOT’s research to
adapt and refine enabling technologies are outlined in
the following paragraphs.

TELECOMMUNICATIONS

ITS applications have extensive wireline and wireless
communication needs, and there is intense debate

AA

systems is unique to each State
and local ITS implementation. The Federal role is to
provide insight and policy support and to compile spe-
cific case information to share with transportation deci-
sionmakers. In April 1996, the U.S. DOT published
Shared Resources: Sharing Right-of-Way for Telecom-
munications, which identified legal and institutional
issues of shared resources. Through these efforts, we
have encouraged a number of actual network deploy-
ments and innovative procurements of network capac-
ity and services in some of the more congested metro-
politan areas and high-density States, such as the
Baltimore-Washington, DC corridor; Detroit; San
Francisco; Missouri; Ohio; and Maryland.

Continuing technological advances in digital commu-
nication technologies and the passage of the
Telecommunications Reform Act of 1996 suggest that
a wider array of communication options will emerge
during the next several years. Ongoing research
assesses technological advances, new commercial
offerings, and opportunities for innovative public-pri-
vate partnerships to enhance public sector ITS deploy-
ment strategies, policies, and practices.

SPECTRUM MANAGEMENT

Many existing and envisioned applications under the
ITS umbrella require a short-range wireless communi-
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cation link. Transfer of information between vehicles
and the roadside infrastructure, such as the type
required by electronic toll collection systems, is the
most popular example of such an application. The ITS
community has settled on the term “dedicated short-
range radio communications” to describe this essential
capability.

Because many ITS services rely on wireless commu-
nication technologies and because of revolutionary
changes in both technology and spectrum manage-
ment brought about by the Telecommunications Act,
the U.S. DOT has become progressively more
involved in issues affecting spectrum availability for
ITS. The national ITS architecture, completed in June
1996, concluded that existing and emerging commer-
cial communication services could meet the needs of
most ITS user services, with one notable exception.
Capability for DSRC must be found to support future
expansion of 11 essential user services that require a
link between a vehicle and the roadside.

As a result, the U.S. DOT has been supporting efforts
to obtain dedicated spectrum for DSRC. In May 1996
the National Telecommunications and Information
Administration of the Department of Commerce
granted FHWA the use of 75 MHz at the 5850 MHz
band to experiment with DSRC applications. The JPO
has also been lending technical and policy support to
ITS America’s pursuit of a permanent FCC realloca-
tion of this same band, which would allow public and
private organizations to deploy DSRC services nation-
wide that could coexist with existing applications in
the band.

The JPO has also been involved with FCC rulemaking
that concerns public safety uses of spectrum, imple-
mentation of enhanced 911 services on cellular net-
works, and other spectrum issues that could affect
delivery of ITS services. U.S. DOT coordination
among its modal administrations, including the JPO, on
spectrum issues has been steadily increasing to keep up
with the constantly changing regulatory environment.

Another important issue is whether and to what degree
this DSRC link should be standardized across the
Nation. Many believe that there should be a continu-
ous frequency band in which to locate these applica-
tions, but to date there is no such allocation for ITS
services. The 5.8 GHz band, which consists of fre-
quencies between 5850 and 5925 MHz, has been iden-
tified as potentially viable because it has a relatively
sparse (and ITS-noninterfering) population and
because of its expected imminent release from primar-
ily government use to commercial use.

Surface transportation agencies are examining ways to
cope with the impact of radio frequency spectrum
allocations and refarming on ITS deployment strate-
gies and plans. Transit agencies, for instance, are
being called on by the FCC to upgrade existing radio
communication systems (at considerable expense) to
digital radio systems that operate in smaller channel
spacings. Similarly, investments in wireless communi-
cation systems are subject to deferral until there is suf-
ficient assurance that ITS uses will not have to move
to another frequency before equipment investments
can be recouped.

FM SuUBCARRIER TECHNOLOGY

FM subcarrier systems that have high data rates and are
compatible with commercial FM transmitters have
demonstrated technical feasibility for use in a mobile
environment. Higher data rates are needed because the
radio broadcast data system standard, an alternative
broadcast technique appropriate for reporting conges-
tion and incidents, does not offer sufficient data
throughput to meet anticipated needs for more detailed
traveler information, such as travel time estimates.
Testing and evaluation of specialized communication
techniques, such as the subcarrier traffic information
channel, are necessary to support the deployment of
commercially viable traffic and traveler information
systems.
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AUGMENTED GPS

The U.S. Department of Defense applies GPS signal
perturbations for security purposes, making civilian
GPS service insufficient for most ITS applications.
Although the accuracy degradation still allows loca-
tions to be determined within a few city blocks, ITS
services that guide travelers or notify emergency
response teams require augmented GPS to pinpoint
more precise locations. This type of system is outlined
in the recent U.S. DOT Technical Report to the
Secretary of Transportation on a National Approach
to Augmented GPS Services, which concludes that
U.S. DOT, in coordination with the Department of
Commerce, should plan, install, operate, and maintain
a low-to-medium frequency beacon system to aug-

A8

ment GPS. The U.S. DOT will determine the optimal
system configuration and provide technical assistance
to States and localities regarding the location of bea-
cons.

NATIONAL SPATIAL DATA BASE AND LINK
IDENTIFICATION

Several methods for identifying transportation net-
work links are being examined to provide a technical
basis for standardizing the format, content, and accu-
racy of spatial data. A method for denoting specific
transportation links in any part of North America is
being developed and will be tested using sophisticated
techniques for location referencing.
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B. Advanced Metropolitan Travel Management Systems

Roughly 80 percent of Americans live in densely
settled, but geographically dispersed, metropoli-
tan areas, which include cities and their adjacent sub-
urbs. The primary links between these metropolitan
areas are their surface transportation systems—the
networks of highways, roadways, bus routes, and rail
lines—that allow residents to live and function by pro-
viding access to work, homes, schools, services, and
each other. Without extensive and efficient transporta-
tion systems, the economic and social health of metro-
politan areas would deteriorate.

Over the past 20 years, however, urban and suburban
transportation systems have struggled to keep pace
with the growing and changing travel needs of metro-
politan areas. These areas have seen increases in pop-
ulation, especially in the suburbs, and rising numbers
of single households and licensed drivers, both of
which have led to more vehicles on the roads and esca-
lating vehicle miles traveled. In the past decade alone,
traffic has grown by 30 percent. The result of this
growth has been chronic gridlock, which drains pro-
ductivity, impedes economic growth, and wastes ener-
gy. Americans spend 2 billion hours each year stuck in
traffic, and congestion costs businesses $48 billion
annually. In addition, congestion increases the number
of incidents and accidents, which constrict limited
road capacity. Traffic congestion shows no signs of
subsiding. In the next 10 years, the U.S. DOT expects
that the number of cars on our roads and highways
will increase by 50 percent.

Because economic and land development has migrat-
ed away from central cities to the outer suburbs, more
Americans travel from suburb to suburb and from
edge city to edge city than to a single central business
district. In addition, the work commute has become an
increasingly smaller proportion of travel. In 1969, for
example, work and work-related travel accounted for
more than 41 percent of all local travel, but by 1990,
work-related travel accounted for only 26 percent of
all trips. These changes in work and lifestyles prompt
the metropolitan traveler to seek information on travel

options more frequently; however, travelers typically
receive little information on alternative driving routes
to avoid congested roads or on alternatives to driving
altogether. Most publicly available travel information
is limited to static reports on traffic conditions affect-
ing the morning and evening driving commute, but
travelers often need information on multiple travel
options and potential routes.

The struggle of State and local governments to meet
the travel needs of metropolitan residents and busi-
nesses does not occur in a vacuum. Traffic volumes in
most areas are growing at a time when transportation
budgets are shrinking. In densely developed central
cities and suburbs, it is not always possible or desir-
able to build more roads to alleviate congestion,
because roads already fill the existing rights-of-way
and road building is often costly and disruptive.
Transit authorities also contend with slashed budgets
while straining to meet greater expectations from cus-
tomers for improved service.

In the midst of these budget constraints are the larger
concerns of metropolitan areas across the United
States: revitalizing cities, meeting clean air require-
ments that can improve the quality of life for residents,
and providing essential services. Transportation plays
a critical role in addressing these concerns, but it is
readily apparent that traditional methods of providing
transportation services, in particular building more
road capacity, cannot resolve entrenched congestion.
It is also apparent that no single mode of transporta-
tion can satisfy our growing and changing travel
needs. Instead, officials at all levels of government—
Federal, State and local—must ask themselves how
multiple modes of existing transportation infrastruc-
ture can be managed creatively and how the demand
for travel can be managed efficiently.

The ITS technologies and services generally catego-
rized as advanced metropolitan travel management
systems offer promising and responsive solutions.
These systems include advanced traffic management
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systems (ATMS), advanced traveler information sys-
tems (ATIS), and advanced public transportation sys-
tems (APTS), which target the three major, interrelat-
ed components of metropolitan surface transportation
systems: roads and highways, travelers, and public
transit. These applications can be described as fol-
lows:

* Advanced traffic management systems include
traffic signal control, freeway management,
incident and emergency response management,
electronic toll collection, and highway-railroad
crossing protection systems. These systems use
monitoring, information-gathering, and control
(automation) strategies to improve traffic flow and
allow more efficient response to emergencies and
accidents.

* Advanced traveler information systems provide
pre-trip and en route travel information through a
variety of communication devices (e.g., broadcast
radio, cellular phone, the Internet, cable television,
kiosks). The users of this information include trav-
elers, traffic managers, and transit operators.

* Advanced public transportation systems use
advanced fleet management systems, multimodal
traveler information, and electronic fare payment
to improve the efficiency and quality of transit ser-
vice.

Each of these three applications can improve the effi-
ciency of specific modes of transportation, provide
residents and businesses with better information on
travel options, and help create a more efficient multi-
modal transportation network. When they are integrat-
ed, these components can create a truly seamless and
responsive intermodal transportation system.

BUILDING A METROPOLITAN
INTELLIGENT TRANSPORTATION
INFRASTRUCTURE

The Department has proposed a common information
and communication platform—an intelligent trans-

”

portation infrastructure for metropolitan areas—to
enable ITS user services to work together as parts of a
finely tuned system. This metropolitan ITS infrastruc-
ture will be instrumental in advancing both multi-
modalism and intermodalism in metropolitan areas.

As shown in Exhibit III-3, this infrastructure is the
integrated set of nine basic elements needed to facili-
tate ITS deployment and lay a foundation for future
services. These nine elements, which are primarily the
responsibility of the public sector, are traffic signal
control, freeway management, transit management,
incident management, electronic toll collection, elec-
tronic fare payment, highway-railroad crossing safety,
emergency response management, and regional multi-
modal traveler information.

The metropolitan intelligent transportation infrastruc-
ture, however, is a system, not just a collection of nine
components. Its traffic detection and monitoring, com-
munication, and control systems are necessary to sup-
port a variety of products and services in metropolitan

ExHiBIT 11I-3
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areas, and it allows these components to communicate
with each other and work together. The metropolitan
transportation infrastructure functions like the local-
and wide-area networks used in most workplaces to
allow electronic file sharing, mail, and other informa-
tion exchanges within a single building or between
geographically dispersed sites, even though employ-
ees may have different brands of computers and soft-
ware of varying capabilities. Workers increase their
productivity and utility, and so does the workplace as
a whole.

Ultimately, the metropolitan intelligent transportation
infrastructure will enable cities and towns across the
Natijon to link their traffic, transit, and emergency ser-
vice systems to provide for more efficient and safer
operations that are tailored to meet specific regional
transportation needs. For example, metropolitan ITS
infrastructure will allow transit buses equipped with
automated vehicle location (AVL) devices to provide
travel time and speed data that will support traffic sig-
nal control managemient and real-time scheduling.
Freeway and incident management systems will pro-
vide information on traffic florv to emergency service
providers, cutting response times and saving lives.
Travelers will have an array of new information ser-
vices at their fingertips; real time traffic and traveler
data will be collected through ITS and made available
by private service providers to homes, offices, public
kiosks, and vehicles.

BENEFITS OF METROPOLITAN ITS
INFRASTRUCTURE

Although each component of the metropolitan intelli-
gent transportation infrastructure produces singular
advantages, the integrated whole is expected to pro-
duce multiple, synergistic benefits, which the U.S.
DOT is evaluating along with expected capital and
operating costs. The benefits of the individual compo-
nents are well documented in this and other reports,
most notably, Intelligent Transportation Infrastructure

Implement the Intelligent Transportation
Infrastructure across the United States within a
decade to save time and lives and to improve
the quality of life.

FEDERICO PENA,
FORMER SECRETARY OF TRANSPORTATION

Benefits: Expected and Experienced. To date, no com-
munity in the Nation has all nine components in place.
Atlanta has come the closest to building metropolitan
intelligent transportation infrastructure as a result of
preparing its transportation system for the 1996 sum-
mer Olympics. Based on its findings from operational
tests, the priority corridors, and early deployment
planning activities, the U.S. DOT expects that metro-
politan infrastructure will contribute to an expanded
trasportation network that will benefit traffic man-
agers, transit operators, commercial vehicle operators,
and the traveling public.

ENHANCING USE oF EXISTING CAPACITY

The U.S. DOT estimates that road capacity will have
to increase by about 30 percent to accommodate the
current level of highway congestion in 50 large met-
ropolitan areas over the next decade. Creative use of
ITS technologies can, however, increase the produc-
tivity (throughput) of existing transportation facilities.
The U.S. DOT estimates that by deploying ITS infra-
structure over this same time period, taxpayers could
save 35 percent of required investment in urban high-
ways. As an integrated system, metropolitan intelli-
gent transportation infrastructure would offer shorter
commuting times, more travel options, improved safe-
ty, and a cleaner environment.

Field tests of individual ITS user services have
demonstrated that components of ITS infrastructure
can improve the efficiency of existing transportation
infrastructure. As a dramatic example, when two sec-
tions of the Santa Monica Freeway collapsed during
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ATLANTA ITS GOES FOR THE GOLD

During the summer of 1996, Atlanta hosted one of the biggest events in history, which called for unprecedented coor-

- dination of transportation services. More tickets were available for the Olympic games in Atlanta than for the Barcelona
and Los Angeles games combined. More than 10,700 athletes participated in the games, and more than 2 million people
went to Atlanta to see the historic event. The Metropolitan Atlanta Rapid Transit Authority (MARTA) used 750 buses and
200 rail cars around the clock to transport 17.8 million passengers in 17 days, including 1.3 million in a single day. And
that was just the spectators! A total of 2,000 buses and 4,000 drivers was used throughout the Olympics to transport
athletes, Olympic dignitaries, the media, and spectators.

‘Atlanta, already one of the Nation’s most congested areas, enlisted the support of dozens of partners to prepare for the
event using an integrated approach to intelligent transportation. Not only did the city achieve its transportation vision
for the Olympics, but it now serves as a model for a highly integrated, intelligent transportation system.

During the Olympics, five ITS projects were in operation: the Atlanta Regional Transportation Management System; the
Adanta Traveler Information Showcase, an ATIS project that delivered traveler information via cable television, the World

- Wide Web, and other services; an APTS service known as ITS MARTA ‘96; high-occupancy vehicle (HOV) lanes; and a field
operational test consisting of 130 kiosks that offered information ranging from real-time traffic conditions and route plan-
ning to ride sharing and weather forecasts. The regional transportation management and ATIS elements linked eight agen-
cies, which tracked freeway, surface street, and transit operations in what is perhaps the most complex and comprehen-
sive ITS deployment ever attempted in the United States.

At the core of the Atlanta ITS effort was the $140 million Atlanta Regional Transportation Management Center (TMC),
“which provided surveillance and communication through sensors, video, and fiber optic lines on all interstates inside
Interstate 285 at Atlanta’s perimeter. The TMC served as
the central clearinghouse for all transportation informa-
tion in the area. In addition, six transportation control
centers in surrounding counties fed information into and
retrieved it from the TMC. The TMC also received infor-
mation from MARTA’s Transportation Information
Center, the MARTA bus fleet, a public cellular phone-in
line, and various airborne and ground-based traffic spot-
ters. During the Olympics, all this information was used
collectively to manage transportation and mobility.

Partners in the ITS integration effort included the U.S.
DOT, FHWA, FTA, Georgia DOT, MARTA, the City of
Atlanta, and nearly two dozen private companies.
Additional coordination took place with Atlanta
International Airport, the Atlanta Committee on the
Olympic games, Cobb (County) Community Transit, and
the five counties surrounding Atlanta.

While visitors to the Olympic games directly benefited
from Atlanta’s cutting-edge transportation technologies,
the real success story is the level of cooperation and sys-
tem integration that still endures.

. .The 1996 summer Olympic and Paralympic games,
- held in Atlanta, created the focus for one of the most ambitious
" ITS deployments in the United States.
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the 1994 earthquake, the Smart Corridor field test was
put to an early trial. Using video surveillance, change-
able message signs, and adjustment of traffic lights, the
system was able to divert the equivalent of 20 lanes of
additional traffic through the parallel surface street net-
work with no resulting gridlock. In addition, the smart
interactive kiosks were deployed to inform travelers
of highway conditions and help them plan trips via
transit. Originally, two kiosks were scheduled to be
deployed as part of a test of this technology. After the
earthquake, 78 were installed at major gathering points
(e.g., Union Station, malls) to enable people to consid-
er their travel alternatives more effectively.

PROMOTING DATA SHARING

ITS is mostly focused on collecting, analyzing, and
distributing information. The intelligent transportation
infrastructure allows data from a variety of sources to
be shared and compiled, so that the combined data
base is more complete and more cost effective to
update. This broad data base allows jurisdictions to
better implement congestion management systems and
other types of management programs. In Atlanta, for
example, the major transportation agencies shared the
same information through a central clearinghouse
using a client-server architecture. The architecture
allowed jurisdictions to operate their transportation
facilities autonomously and gain access to data from
other jurisdictions in a format that was uniform, con-
sistent, and current for all systems. The central system,
which handled all compatibility issues, can also
expand to accommodate data requirements. In an era
of constrained resources, a common infrastructure
saves redundant spending.

CREATING “VIRTUAL” MANAGEMENT TEAMS

Metropolitan areas generally consist of multiple local
jurisdictions and State agencies, each responsible for
providing some level of traffic and transit surveil-
lance, management, and control. These agencies have
different responsibilities and motivations, which
makes it difficult to create truly intermodal surface
transportation systems. The ITS Program, through its

field operational tests, ITS priority corridors program,
and EDP activities, has promoted sharing of ideas,
tasks, and responsibilities among diverse jurisdictions
and cooperation between public and private partners.
In Atlanta, for example, the ITS effort created de facto
management teams that included several Federal,
State, and local traffic and transit agencies. Because
intelligent transportation infrastructure will result in
cost savings by allowing agencies to share infrastruc-
ture, it will provide the impetus for different agencies
to forge alliances.

FOSTERING INTERMODALISM

Intermodalism is accomplished by increasing trans-
portation options, providing seamless connections
between modes, and coordinating the activities of
public agencies. The metropolitan intelligent trans-
portation infrastructure accomplishes all three tasks
by addressing the three interrelated elements of met-
ropolitan transportation systems—roads and high-
ways, travelers, and transit—and by providing better
information on travel options and coordinating the
activities of multiple travel modes. At the core of the
Atlanta ITS effort, for example, was the Atlanta
Regional Transportation Management Center, which
provided surveillance and communication on all
Interstate highways using road sensors, video, and
fiber optic lines. Other information on the network
was provided by six transportation management and
control centers in the counties surrounding Atlanta,
which integrated local traffic signal systems with
freeway operations for those counties. In addition, the
Metropolitan Area Rapid Transit Agency (MARTA)
gathered information on road conditions from its
buses, 239 of which were equipped with tracking
and communication equipment that relayed data to
the agency’s transportation information center.
Information also came from airborne and ground-
based traffic spotters, a public cellular phone-in line,
and a variety of other sources. All this information
was used collectively to better manage traffic signals,
freeways, and transit facilities and was strategically
provided to travelers through a variety of media.
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A STORY OF SHARED INFRASTRUCTURE: THE COURTLAND STREET OFF-RAMP

The old adage, “A picture is worth a thousand words,” held true during the 1996 Olympic games, when a single image
not only told a story, but spurred agencies into coordinated action.

The “picture” was a view of the Courtland Street ramp in Atlanta. The story it conveyed was that traffic backups were
causing severe delays. The action it spurred was a multilayered response to solving traffic problems, accomplished as a
result of Atlanta’s integrated approach to intelligent transportation.

Courtland Street ramp is an off-ramp from the downtown “connector” section of Interstate 75/85. A heavily used exit
ramp, it served key downtown Atlanta hotels and other access points during the Olympics. Despite light traffic during the
early days of the games, the Courtland Street ramp suffered heavy congestion that stretched onto the interstate and
blocked the downstream entrance ramp serving athlete buses. Full camera coverage of I-75/85 and the integrated design
of Atlanta’s ITS infrastructure enabled effective and efficient handling of the Courtland Street problem.

Atlanta’s ITS was designed with traffic “cen-
ters” distributed at the city traffic department,
city police, Georgia Emergency Management
Authority, several counties, the transit author-
ity (MARTA), and the Georgia DOT (GDOT).
All centers share the same information and
similar capabilities. When managers at each
center viewed the traffic backups on
Courtland Street, they could assess the situa-
tion and coordinate a response with managers
from other centers.

During a debriefing, traffic managers discov-
ered that they were literally looking at the
same camera view and acting to resolve the
situation based on their unique responsibili-
ties. GDOT used the image to manage its
response on the freeway, while the City of
Atlanta was reviewing the effectiveness of its
signal timing modifications. At the same time,
MARTA used the information to determine
the impact on the spectator fleet, Georgia State patrol used it to manage the athlete fleet, and the Atlanta Committee
for the Olympic Games used it to coordinate various aspects of its transportation program,

By sharing information infrastructure, public agencies in Atlanta were
able to work together to prevent backups at the Courtland Street off-ramp.

Sharing the same capabilities—indeed the same camera view—enabled multiple agencies at numerous locations to devel-
op a coordinated response. Clearly, this type of efficient response would not be possible without the capabilities provid-
ed by ITS technologies and an integrated approach to ITS deployment.

INCREASING CUSTOMER ACCESS TO
INFORMATION AND OPTIONS

Customers are the impetus for addressing concerns
about regional traffic congestion. In an age of expand-
ing regional boundaries, multiple jurisdictions, and
local transportation systems, individual travelers need
up-to-date information about how they can reach their
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destinations safely and quickly. ATIS services are the
cornerstone of a renewed customer orientation in
delivering transportation services. ATIS can transfer
data gathered by other ITS technologies—on traffic
flows, incidents, and road and weather conditions—
into information programs on alternative routes, trav-
el times, route guidance, and the comparable perfor-
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mance of other modes for the same trip. This informa-
tion can be transmitted via a variety of media. In
Atlanta, cable television, cellular phones, handheld
personal computer devices, and public kiosks were
deployed throughout the city to help visitors and resi-
dents navigate the transportation system during the
Olympics. For example, public kiosks at Atlanta
Hartsfield Airport gave travelers an overview of their
ground transportation options and the estimated depar-
ture times of bus, rail, and van services; weather and
tourism information; and regional driving conditions.

FOSTERING PRIVATE SECTOR INVOLVEMENT IN
DEVELOPING ITS SERVICES

Local relationships determine whether infrastructure
is deployed by the public sector, the private sector, or
a combination of the two. In any case, ITS products
developed by the private sector are of little value to
consumers without information and communication
structures in place to make them work. The presence
of an ITS infrastructure inspires confidence that prod-
ucts will be able to “plug” into the system and provide
intended services to consumers. For example, the
development of the national information infrastruc-
ture, originally funded as a Federal research project,
has spurred a proliferation of public and private soft-
ware developments and applications directed toward
private and public consumers.

PROGRAM ACTIVITIES—SUPPORTING
ADVANCED METROPOLITAN TRAVEL
MANAGEMENT SYSTEMS AND
INFRASTRUCTURE

The Federal ITS Program has undertaken several
activities to help communities understand the benefits
of advanced metropolitan travel management systems
and the metropolitan intelligent transportation infra-
structure. The ITS Program will also help these com-
munities plan and “buy smart” to connect future tech-
nologies with existing components to form an inte-
grated transportation system.

LEADERSHIP ACTIVITIES

The U.S. DOT has been the leader in setting goals and
developing strategies for deploying ATMS, ATIS, and
APTS user services and for building ITS infrastructure
in metropolitan areas. In particular, Operation
TimeSaver is the first national directive to articulate
the goals and benefits of metropolitan intelligent
transportation infrastructure (ITI). The U.S. DOT
formed the ITI Deployment Initiatives Coordinating
Group in January 1996 to provide “coordination, guid-
ance and leadership for U.S. DOT actions” in helping
public and private sectors to build ITS infrastructure.
This group (originally composed of FHWA, FTA, and
ITS JPO) facilitates outreach and communications,
mainstreaming, training, and progress measurement
and reporting.

R&D

The program’s R&D efforts to date have focused
largely on creating integrated systems of advanced
techniques for traffic control and surveillance, refining
analytical tools for evaluating new technologies, and
developing enabling technologies to support transit
fleet and traffic management. In addition, efforts have
helped to establish and demonstrate the technical fea-
sibility and practicality of technologies and services,
identify institutional impediments to deployment, and
evaluate potential benefits and costs. In the past, R&D
was limited to testing and evaluation of isolated com-
ponents; now, the integrated system approach allows
for the assessment of large-scale deployments and sys-
tem requirements.

OPERATIONAL TESTS, ITS PRIORITY
CoRRIDORS, AND EDPs

The U.S. DOT has conducted 17 field tests of ATMS,
15 tests of ATIS user services, and 29 field tests of
APTS applications in cities and suburbs across the
Nation; altogether 24 field tests have been completed.
Although some field tests have focused on resolving
technical problems and understanding the impact of
ITS technology on users and the system, the ITS
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Priority Corridors Program has concentrated on insti-
tutional arrangements needed for interjurisdictional
and multimodal transportation systems at the metro-
politan and regional levels. The EDP program, which
was carried out in 75 metropolitan areas, focused on
how ITS user services, particularly ATMS, APTS, and
ATIS, could be incorporated into existing transporta-
tion infrastructures to solve local problems. As a
result, EDP activities have helped move metropolitan
transportation planning from single-mode thinking to
a more comprehensive system integration approach.
The specific scope, mission, and accomplishments of
these three programs are

ly in the “Enabling Research” section of this chapter
and in Chapter II.

STANDARDS

Standards provide the means to achieve compatibility
between systems. The standards program, as it relates
to advanced metropolitan travel management systems
and metropolitan ITS infrastructure, is addressed in
discussions of ATMS, ATIS, and APTS that follow this
overview and, more generally, in the “Enabling
Research” section of this chapter.

BUILDING

detailed in Chapter II of this
report.

NATIONAL ITS
ARCHITECTURE

In 1996, the U.S. DOT final-
ized the national ITS archi-
tecture, which addresses
advanced metropolitan travel
management system ser-

If we’re going to enable initiatives like
traveler information and traffic management
systems to work, we have to establish
strong institutional connections among
various jurisdictions, government agencies,
and the private sector.

MORTIMER DOWNEY
DEPUTY SECRETARY OF TRANSPORTATION

PROFESSIONAL
CAPACITY

To help train future trans-
portation professionals, the
U.S. DOT has developed a
5-year strategic plan. The
training will provide tech-
nical and managerial cours-
es on traffic control equip-
ment and software,

vices. The architecture

defines the subsystems and data flows (i.e., informa-
tion that must be shared between subsystems) required
to make ITS work. The system architecture is not a
design, but the first step toward establishing standards
and implementation guidelines for building ITS in
local areas. The architecture defines major processes,
input, and output for ITS. The processes include traf-
fic management, commercial vehicle management,
vehicle monitoring and control, transit management,
emergency services management, driver and traveler
services, electronic payment services, and planning of
system deployment and implementation. The architec-
ture also outlines how the transportation infrastructure
should operate and offers approaches to leveraging
existing commercial communication systems and pro-
tocols. Finally, the architecture highlights socioeco-
nomic issues, such as barriers that must be removed
and partnerships yet to be established. The scope and
benefits of this activity are discussed more specifical-
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advanced corridor manage-
ment technologies, use of incident management
systems to relieve traffic congestion, and integrated
transportation information systems and applications of
decision support technologies. The scope, mission,
and benefits of the program for building professional
capacity are detailed in Chapter II.

TecHNICAL GUIDANCE AND OUTREACH

Offering outreach services and education for local
elected and appointed officials and senior transporta-
tion managers is a critical component of the ITS
Program. Using information from a series of focus
groups with elected and appointed city and county
officials, the U.S. DOT is developing detailed techni-
cal guidance on deploying ITS infrastructure compo-
nents. Guidance documents will provide information
needed to ensure future compatibility with newer sys-
tems and will allow local governments to tailor the
ITS infrastructure to meet specific needs. These docu-
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ments will also help local governments better under-
stand and use the national architecture and move for-
ward with system design and procurement.

Outreach and educational activities include ITS scan-
ning tours, in which a region’s officials and trans-
portation managers are brought to meet and view other
regions’ ITS deployments. For example, Public
Technologies, Inc., a nonprofit organization based in
Washington, DC, fields an outreach program that
matches transportation managers and officials from a
region that is considering ITS infrastructure deploy-
ment with experienced counterparts from across the
Nation in small two-day workshops. ITS America’s
State chapter program also helps cities, counties, and
State DOTs work together to implement metropolitan
intelligent transportation infrastructure. Follow up
surveys with managers and officials who have partici-
pated in these outreach activities affirm their positive
impact on advancing ITS deployment.

MDI AND DEPLOYMENT TRACKING

In the past, the ITS Program assessed individual
ATMS, ATIS, and APTS user services; now it focuses
on integrated services represented by the ITS infra-
structure. The MDI is a step toward achieving
the goals of Operation TimeSaver. In Phoenix,
San Antonio, Seattle, and the New York-New Jersey-
Connecticut metropolitan area, model deployments
will showcase the benefits of large-scale, high-tech
intelligent transportation infrastructures in real-world
settings. Also, in a Phase I project, Oak Ridge
National Laboratory (ORNL) developed a data base to
inventory infrastructure-related hardware in 75 metro-
politan areas. In Phase II of this project, which was
initiated in June 1996, ORNL began work on a system
for tracking infrastructure deployments. Future studies
are addressing the cost effectiveness of metropolitan
intelligent transportation infrastructure. The specific
scope, mission, and benefits of the MDI program are
discussed in greater detail in Chapter II.

MAINSTREAMING

ISTEA established an ambitious planning process at
both the metropolitan and State levels to fulfill a vari-
ety of social, economic, and environmental goals and
to shift the planning perspective from capacity and
construction to better management and operations. In
this planning process, MPOs and State DOTSs are pri-
marily responsible for metropolitan and regional
transportation planning. The Transportation Improve-
ment Program (TIP), supported by ISTEA, is a multi-
year listing of surface transportation projects proposed
for funding by Federal, State, and local sources in the
metropolitan areas. The Statewide Transportation
Improvement Programs perform the same function for
the States. The projects listed in these programs must
conform to the goals of long-range planning; project
selection is competitive. The transportation plan is the
foundation for the basic policies and visions of the
region or State. The plan is the comprehensive pack-
age of projects and program initiatives that spans a 20-
to 25-year horizon, providing a vision of an area’s
transportation future, as it supports priority economic
development, community, and environmental goals.
As a result, it is important that ITS is fully incorporat-
ed in both the State or regional plan and the metropol-
itan and State TIPs.

Despite the role that ITS plays as the enabling infra-
structure for comprehensive system management, ITS
projects have often been relegated to the sidelines as
an exotic collection of support technologies. In addi-
tion, much of the early interest in the ITS Program was
stimulated by Federal funding, rather than through a
systematic bottom-up planning process. The U.S.
DOT’s goal is to mainstream ITS into the traditional
transportation planning process through extensive
workshops and guidance documents. In particular, in
FY 1996, U.S. DOT began developing a planning
model, the ITS Deployment Analysis Package, which
will be available over the next 18 months, to enable
MPOs and States to assess the benefits of ITS in rela-
tion to other candidate projects in the State or region-
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al Plan and TIP. Other mainstreaming activities are
discussed in greater detail in Chapter IL.

UseER ACCEPTANCE

Under the ITS Program, several studies were conduct-
ed on institutional issues related to traffic management
systems. Most recently, a research project was initia-
ted to better understand local and State transportation
managers’ decisions to purchase and deploy compo-
nents of metropolitan intelligent transportation infra-
structure. Using a case-study approach, DOT analysts
interviewed 130 officials in 7 metropolitan areas from
core and suburban cities, counties, MPOs, transit
authorities, port authorities, State transportation
departments, and State police. The results are pub-
lished in Assessment of ITS Deployment: Review of
Metropolitan Areas/Discussions of Crosscutting
Issues.

The Federal program is attempting to move metropol-
itan areas along an evolutionary path, from wise
replacement of conventional management technolo-
gies to installation and integration of foundational ITS
infrastructure components in metropolitan areas. The
program has looked at the practical ITS applications
for specific modes and is currently focusing on how to
integrate these systems into a metropolitan intelligent
transportation infrastructure to better serve users and
managers of all modes.

The following sections describe each of the three pro-
grams of the advanced metropolitan travel manage-
ment systems: ATMS, ATIS, and APTS.

ADVANCED TRAFFIC MANAGEMENT
SYSTEMS

The public, elected officials, and transportation man-
agers perceive traffic congestion as one of the most
serious transportation problems affecting our commu-
nities. Demand for our roadways is increasing, acci-
dents and other highway incidents exacerbate gridlock,
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and traffic from special events held at large facilities
burdens our transportation systems. Applying tradi-
tional solutions to congestion is becoming increasingly
difficult. Physical, financial, and environmental con-
straints now prevent us from “building our way out” of
such problems. New methods must be found and
implemented to address the estimated $100 billion per
year in lost productivity caused by traffic congestion.

Until recently, available technology for traffic signals,
incident detection, and emergency response has not
helped traffic engineers eliminate congestion. Unreli-
able equipment required many on-site service calls to
keep it operating properly. Traffic signal systems,
most of them using fixed-time cycles that are not
updated on a regular basis, often relied on historical
information obtained from manual traffic counts.
Incompatible technologies tied engineers to using traf-
fic signals and controllers from only one vendor. Even
after the development of standards, proprietary com-
munication protocols limited the use of multiple ven-
dors. If an area was able to use equipment from dif-
ferent manufacturers, maintenance staff was taxed
because of the different service requirements of each
brand.

In addition, municipal engineers could not identify
equipment failures from remote locations and instead
depended on citizens’ complaints, random observa-
tions by staff, reports by travelers, and police notifica-
tion to detect problems and incidents. All of these
methods had shortcomings. Accident locations pro-
vided by travelers were often inaccurate, and informa-
tion from law enforcement officers, who could not
directly communicate with the highway agency, was
often not timely.

These approaches to managing traffic on streets and
freeways are no longer practical, efficient, or suffi-
cient. ATMS services can now help transportation
managers to better monitor traffic patterns, collect and
manage traffic data, adjust traffic control devices, and
coordinate with police and emergency services. These
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capabilities allow more timely responses to traffic pat-
terns influenced by accidents, peak-period traffic, and
special events.

ATMS can consist of one or more components that,
when integrated, provide part of the intelligent trans-
portation infrastructure for a metropolitan area. These
components include:

* Adaptive traffic control systems, which can
maximize traffic flows on arterials by modifying
signal timing to adapt quickly to travel demand.

* Freeway management systems, including tech-
nologies that monitor highway and environmental
conditions on the interstate

dinate train movements with traffic control devices
at highway-railroad intersections, and warn drivers
of approaching trains. Future technologies may
automatically activate barrier protections to elimi-
nate collisions at crossings.

When implemented on a national scale, these ATMS
services will dramatically change how our Nation’s
streets and highways are managed. ATMS technolo-
gies will automatically notify traffic engineers of
equipment failures and allow them to correct problems
from a central location. Surveillance cameras will
allow managers to view traffic conditions at intersec-
tions throughout the day. Sensor technology will con-

tinuously report traffic flow data.

highway system and other

Advanced traffic signal control

freeway and expressway sys-
tems; manage traffic conges-
tion through such devices as
ramp meters and lane control
signals; and provide traffic
information through infra-

Physical, financial, and
environmental constraints now
prevent us from “building our
way out” of congestion. ATMS

components improve the
efficiency and safety of existing

infrastructure.

systems will use this information
to adjust signal timing for chang-
ing traffic flows and, if needed,
divert traffic to other routes to
improve overall system perfor-
mance. Emergency and transit
vehicles could be given priority at

structure media, such as vari-

able message signs and high-
way advisory radio.

¢ Incident management and emergency manage-
ment systems, which often work with freeway
management systems to help transportation and
law enforcement officials detect, verify, locate,
respond to, manage, and clear highway incidents
promptly, thereby decreasing congestion and pre-
venting secondary accidents.

¢ Electronic toll collection systems, which alleviate
bottlenecks at toll plazas using transponders that
identify vehicles and collect fares electronically.
These systems can use prepaid fare cards or bill
drivers later. Electronic toll collection systems can
also be integrated with other payment systems for
transit or public parking to create a regional elec-
tronic fare payment system.

¢ Highway-railroad crossing safety systems,
which use in-vehicle and roadside devices to coor-

signalized intersections. Eventu-
ally, computer software algorithms will predict traffic
flows and modify signal timing in anticipation of
changing traffic patterns.

Highway engineers will be able to view the freeway
system via pictures from closed-circuit television cam-
eras or through digital images made possible by the
automatic collection and reporting of traffic data.
Highway engineers will also be able to predict traffic
flows with computer software algorithms to identify
conditions leading to congestion and recommend
proactive traffic management strategies.

ATMS technologies will also automatically detect
accidents and other incidents. Decision support sys-
tems will advise the traffic operation staff about
resources needed for incident response, traffic control
actions, and information that should be conveyed to
travelers.

8l
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The efficacy of ATMS technologies will increase as
advanced traffic signal and freeway management sys-
tems are integrated and both systems share informa-
tion with a regional multimodal traveler information
system to help travelers make informed decisions.

PROGRAM GOALS

The primary goals of the ATMS program are to create
a safe and efficient intelligent transportation system
that can anticipate when and where traffic will be
moving, automatically identify problems affecting this
movement, and rapidly modify the transportation sys-
tem to adjust for these problems and enhance system
capacity.

PROGRAM ACTIVITIES

To achieve these goals, the ATMS program engages in
R&D, field testing and planning, and standards devel-
opment. Many of these activities are supported by
other programs within the national ITS Program.

R&D: In response to a workshop held by the Mobility
2000 group in 1990, the U.S. DOT developed the
ATMS R&D program to bridge the gap from the “here
and now” (the first generation of ATMS) to the future
(second-generation ATMS services). The original pro-
gram identified five areas of concentration for R&D
activities:

» Surveillance and detection.

¢ Real-time traffic management and control.

* Support systems.

* Modeling simulation.

¢ QGeneral studies.

The complexity of ATMS and the transition into an
expanded vision of intelligent transportation infrastruc-
ture prompted U.S. DOT to modify the program plan
to better categorize activities and describe the ATMS
R&D efforts. ATMS R&D now includes the following:

« Surveillance and detection.

« Real-time traffic management and control.
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» System integration, including development of the
Traffic Research Laboratory (TReL).

» Standards.
« Advanced analysis methods.

+ Support and enabling studies.

The following paragraphs describe current and future
activities using the latest program area categories.

Surveillance and Detection: As the backbone of
ATMS, the surveillance and detection program has
pursued development of functional and performance
specifications for ITS, as well as evaluation of state-
of-the-art detectors. First, a study on detection
technology for ITS established sensor performance
requirements and examined sensors currently on the
market for their applicability to ITS. Second, under the
traffic surveillance and detection technology develop-
ment initiative, seven subcontracts were awarded to
sensor developers for the adaptation of technologies to
ITS. Third, a project called Incident Detection Issues,
Part I (Freeways), developed a system that compen-
sates for equipment malfunctions, assesses real-time
traffic conditions, and detects incidents.

The surveillance and detection program will continue
to monitor the evolving surveillance and detection
needs of ITS, promote the development of new sen-
sors that have potential ATMS applications, and field-
test new sensors. Efforts will also ensure that new
sensors conform to ATMS compatibility standards. In
addition the program will focus on developing sur-
veillance and detection software and methods to pro-
vide feedback to ATMS real-time control strategies. A
study titled Deployment Issues of Surveillance
Systems will identify guidelines needed to help State
and local transportation professionals select appropri-
ate surveillance designs for their ATMS applications.
These guidelines will be written in FY 1997.

Real-Time Traffic Management and Control: This
area of the R&D program developed an expert system
to aid in the design of traffic signals for isolated inter-
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MARYLAND Uses TEAMWORK AND TECHNoLOGY TO CHART A New COURSE

In the State of Maryland, highway travel increased 60 percent between 1980 and 1995. Heavy volumes of traffic, stdp4 .
and-go commuter peaks, and lack of comprehensive information regarding conditions on available alternatlves con
- ‘trlbuted to and compounded the effects of unexpected incidents, such as traffic accidents.

- To improve highway travel and safety, the Maryland Department of Transportation and the Maryland State Police, i
cooperation with other Federal, State, and local agencies, implemented CHART (Chesapeake Highway Advisories -
. Routing Traffic), the Nation’s first statewide traffic management system. CHART serves a reglon that is nearly 100 mlles
- long by about 50 miles and contains roughly 400 lane-miles of principal arterials. ‘

~.“CHART's mission is to improve real-time operations of the highway system through teamwork and technology CHART
- is'composed of four basic components: 1) surveillance (continuous detection of what is occurring on major. segments
. of the highway system); 2) incident response (working with law enforcement, fire and other emergency response agen
ies to remove blockages quickly and safely); 3) traveler information (alerting users to dlsruptlons in the ﬂow of tr
“fic);and 4) traffic management (managing to cope with incidents
‘through message signs, signals, and other traffic control mea-
- sures). CHART uses a mix of high and low technology, from TV
- cameras to tow trucks. As acknowledged by Maryland DOT,
‘however, the key is teamwork: “teamwork among agencies,
~ teamwork within agencies, and teamwork among individuals.
Without extraordinary teamwork, CHART could not work”

“CHART gathers its traffic information from a variety of sources.
.Information is received from the Maryland State Police, CHART
4'omrhuniCation vehicles and other State Highway
Administration field personnel, cellular phones, CB radios and & D :
servation aircraft sponsored by the broadcast mediaand pub- [ { £V i (T T--C 0 DY TG T

c agencies. [Three of CHART's surveillance technologies are i i ,
- pictured here.] The Statewide Operations Center compiles all  CHART employs hundreds of overhead radar spee
- of this information for use in responding to incidents, as well as detectors, which monitor vehicle speeds and -

in providing traveler information that is timely and accurate. transmit traffic volume data to Statewide
I ) Operations Center compuiters.

Video cameras provide live pictures of traffic

“Sensors embedded under the pavement, called

- loop detectors, measure traffic volumes as conditions to spot bottlenecks and incidents. .
. vehicles drive by.
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sections, produced adaptive traffic control algorithm
prototypes, and developed a communication standard
protocol for traffic devices. The real-time traffic adap-
tive control system (RT-TRACS) project is developing
a software platform that can dynamically adapt to traf-
fic demand in a street network using a suite of traffic
control strategies. Preliminary RT-TRACS control
strategies are being tested in FHWA’s TReL using a
microscopic traffic simulation model, CORSIM. In
1997, FHWA will field-test the RT-TRACS platform
and three prototypes of adaptive traffic control strate-
gies.

In addition, the program will investigate algorithms
used to control ramp meters, particularly at entrance
ramps, that can adjust to manage upstream and down-
stream freeway conditions. Other studies include the
development of a dynamic traffic control and route
guidance system, which will establish the integration of
RT-TRACS and dynamic traffic assessment to provide
forecasting capabilities and proactive management of
signal systems in anticipation of expected traffic.

System Integration: ATMS functions, such as sur-
veillance and adaptive signal control, must be part of
a cohesive architecture to work together effectively as
part of a transportation management system. The
essence of the system integration effort is to identify
how ATMS functions can be integrated with each
other and with other ITS elements within the frame-
works of the NTCIP and the national ITS architecture.
NTCIP has developed protocols that support the data
flows and interfaces of ATMS components, such as
those between a traffic management center and road-
side equipment. The national ITS architecture effort
has defined the data flows and interfaces between ITS
subsystems, such as those between ATMS and ATIS.
An important part of this effort is to determine how
multiple ATMS elements can be optimally configured
within a traffic management center. The traffic man-
agement center integration and testing study, which
started in FY 1996, examines how ATMS can be

R4

integrated within a broader array of ITS services. Of
particular interest in the traffic management center
integration effort is the identification of system con-
figurations that allow jurisdictions autonomy, but also
facilitate interjurisdictional cooperation.

Efforts in this R&D area have produced: ATMS func-
tional requirements and specifications, a prototype of
integrated ATMS that describes information manage-
ment in advanced traffic management systems and a
configuration for traffic management centers, and a
series of workshops in which potential users com-
mented on the draft functional requirements and spec-
ifications.

A major accomplishment of the program has been the
creation of the TReL, which tests new ATMS technolo-
gies and products. TReL emulates real-world conditions
in a simulated environment. It not only tests individual
technologies, but also evaluates the impact of integrat-
ed systems. TReL also allows researchers to evaluate
current and proposed standards of ATMS elements.

The next phase of the system integration efforts will
focus on advancing the primary interface requirements,
pursuing national standardization for each area of func-
tionality, and investigating the compatibility and inte-
gration of ATMS functions with other ITS functions.

ATMS Standards: In May 1993, the U.S. DOT spon-
sored a symposium to identify barriers to deploying
ATMS technologies. One significant issue raised By
participants was the lack of compatible communica-
tion protocols used by numerous traffic management
devices. As a result, the U.S. DOT is supporting the
continued development of the NTCIP, initiated by the
National Electrical Manufacturers Association, to pro-
vide for interoperability and interchangeability of traf-
fic management devices in the same communication
infrastructure. ATMS standards are currently support-
ed by the broader standards development effort of the
national ITS Program.
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Advanced Analysis Methods: Work in this area has
produced enhanced traffic simulation models for use
in designing and evaluating ATMS applications, as
well as improvements in the ITS modeling capabilities
of existing traffic models. Specific accomplishments
include: modification of two models (NETSIM and
FRESIM) to analyze freeways, interchanges, and
intersections; seamless integration of traffic models
that optimize signal controls and ramp metering, as
part of a “network-wide optimization of models;”
development of a graphic user interface for CORSIM,
the network traffic simulation model, to allow data
entry and output using graphic representations; and
development of a powerful integrated system of traffic
software, an open architecture package allowing for
the integration and use of numerous public and private
software. Other efforts in this program area include
development of an encoding scheme for ATMS/ATIS
data fusion, development of a data base for validating
traffic models, and technical support for ATMS R&D.

Work will also incorporate ITS impact analysis capa-
bilities in both regional planning models and traffic
operation models. An effort has already been launched
to develop a tool to enable transportation profession-
als to effectively and efficiently include ITS alterna-
tives in current planning analyses. ATMS R&D will
also continue to develop models that analyze conven-
tional traffic management strategies.

Support and Enabling Studies: Other research activ-
ities cover human factors and environmental issues.
Accomplishments in this area include: completion of
the final report in the responsive multimodal trans-
portation study project; production of the Human
Factors Handbook for ATMS Design, which aids in
the design of operator-friendly transportation manage-
ment centers; expansion and modernization of the
vehicle fleet used in the CORSIM traffic model to bet-
ter evaluate environmental impact; and sponsorship of
symposiums, ATMS technical design reviews, and
workshops. In FY 1997, the program will conduct a
study on the energy and environmental impact of

ATMS and evaluate the potential ATMS impact on
unsignalized intersections and roundabouts.

Future activities will also focus on incorporating
human factors into the development and design of
ATMS products; developing methods to investigate
the impact of surface transportation on the environ-
ment; and collecting data to validate and calibrate
ATMS functions. This program will also enhance pro-
cedures for assessing ATMS impact on highway
capacity.

Field Testing and Planning: The U.S. DOT has spon-
sored 17 ATMS-related field operational tests; 6 are
completed. These tests have addressed the technical
viability and performance of incident detection on
freeways, portable detection and surveillance systems,
adaptive traffic signal systems, integration of signal
systems across jurisdictional boundaries and with
ramp meters, and advanced traveler information sys-
tems. Future field tests will focus on assessing the effi-
cacy of next-generation ATMS applications, and will
include the first field test of RT-TRACS, scheduled for
FY 1997.

TECHNICAL LESSONS

Most of the technology used in first-generation ITS
products and services is not new, but the combination
of technology is, as is the environment for implemen-
tation. Exhibit III-4 highlights technical lessons
learned in the ATMS program.

Methods and procedures have been developed to assist
State and local jurisdictions to effectively use surveil-
lance systems for traffic management. An operational
test, which evaluated the feasibility of measuring traf-
fic flow using vehicle probes equipped with cellular
phone technology, found that a high degree of cellular
phone market penetration was required to produce
effective information. In two other locations, transpon-
ders for electronic toll collection systems were used to
measure traffic flows on roadways other than the toll
facilities, a technique that proved to be feasible and
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ExHiBiT HI-4
SYNoprsis OF ATMS TeEcHNICAL LESSONS LEARNED

Traffic management centers coordinate the information and control functions of ATMS elements.
Through field tests and laboratory research, we have learned much about ATMS technical issues
including:

e Basic R&D has led to better methods for monitoring, controlling, and evaluating real-time
dynamic traffic flow.

* Operational tests are resolving the technical challenges of surveillance technologies, such as loop
detectors and video.

« Research is underway to develop a flexible platform, called RT-TRACS, to accommodate multi-
ple demand-responsive control strategies for an entire traffic network.

 The program is developing open architecture interface standards, in particular the NTCIP, to
ensure compatibility of ATMS elements.

* Probe vehicles that gather traffic data can significantly increase the effectiveness of a monitoring
system.

» Research is guiding the design of traffic management centers to enhance operator performance
and incorporate more sophisticated automation.

86



Il. ITS PROGRAM DETAIL

cost effective. Tests of GPS-based vehicle tracking
demonstrate that these systems also provide location
information that is more than adequate.

Study of traffic flow theory has helped create control
algorithms and refine traffic simulation models that
are sensitive to changes in travel demand.
Transportation engineers and planners outside the
Federal Government have been given newly devel-
oped traffic models to help design ATMS applications
and have experienced significant time and cost sav-
ings. Software algorithms have been developed to
improve incident detection, reducing the rate of false
alarms and decreasing the time needed to validate an
accident.

Research into human factors in traffic management
centers indicates that automated detection and location
systems improve operator performance over manual
detection and that cameras with pre-set views improve
operator performance in monitoring roadways for
incidents. Research has also compared the effects of
different control center designs and human-machine
interfaces on operator performance.

BENEFITS

ATMS benefits, which were once theoretical, have
begun to be measurably demonstrated. Several ATMS
field tests and implementations across the Nation,
many sponsored with Federal funds, have demonstrat-
ed significant improvement in traffic flow, reduction
in travel time, reduced congestion, increased through-
put, reduction in accidents, and reductions in labor,
operating, and maintenance costs. Examples of these
benefits are listed in Exhibit III-5.

INSTITUTIONAL IssUES AND USER
ACCEPTANCE

Creating and maintaining a work force that is capable
of designing, constructing, operating, and maintaining
ATMS technologies is critical. The introduction of
new technologies also necessitates changes in the
existing work force and requires that employees

acquire new skills, particularly in shifting from exper-
tise in civil engineering to system engineering, elec-
tronics, and information systems.

FUTURE DIRECTIONS

In the short term, the ATMS program hopes to
achieve acceptance by elected officials, transportation
managers, and the traveling public of ATMS products
and services as viable solutions to their transportation
problems. The program also emphasizes integrated
application of these products and services. These
short-term goals involve incorporating ATMS into the
traditional metropolitan planning process; breaking
down jurisdictional and modal boundaries; develop-
ing interchangeable software systems, equipment,
and communication protocols; and creating trans-
portation professionals and tools for effective plan-
ning, design, and implementation of ATMS solutions.
A longer range vision for ATMS is to increase the
extent to which automation is used to monitor the
transportation system, detect and respond to prob-
lems, and disseminate data collected during the man-
agement process. Achieving this goal will involve
developing and testing advanced decision support
systems. Later, the ATMS program expects to devel-
op expert systems that can be used in regional traffic
management centers.

ADVANCED TRAVELER INFORMATION
SYSTEMS

Over the past 20 years, all major U.S. metropolitan
areas have been forced to deal with increased traffic
and congestion, rush hours that last much of the work-
ing day, and incident-related traffic jams. Advanced
traveler information systems (ATIS) can return a mea-
sure of sanity, control, and predictability to the trans-
portation system and improve traveler safety by pro-
viding personalized multimodal information on traffic
conditions, recommending alternative routes, and
offering directions to transit and ridesharing opportu-
nities.
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ExHiBIT HI-5
BENEFITS OF ATMS

ATMS Element

Benefits

Source

Traffic Signal
Control

In Los Angeles, the automated traffic surveillance and control
program, which includes a computerized signal control system,
reduced travel time by 18%, increased average speed by 16%,
and reduced delay by 44%.

The Abilene, TX, automated signal system decreased travel
times by 14%, reduced delay by 37%, and increased travel
speeds by 22%.

The State of Texas expects its automated traffic signal control
program, traffic light synchronization, to have a benefit/cost
ratio of 6:1, mostly from reduced travel time.

The bus priority system in Portland, OR, which uses an
integrated traffic signal system and allows buses to extend
green time or shorten red time by only a few seconds, reduced
bus travel times by 5 to 8%. o 4

Mitretek Systems,
Assessment of ITS
Benefits: Emerging
Successes, prepared
for FHWA,
September 1996.

Freeway
Management

- Freeway management systems, primarily through ramp

metering, have reduced accidents by 15 to 62% while handling

'8 to 22% more traffic at speeds that are 16 to 62% faster -

compared to pre-existing congested conditions.

Seattle's ramp-metering system has allowed freeway volume to
increase by 10 to 100% along various segments of I-5.

Speeds have increased by up to 20%.

Ibid.

Incident
Management

Incident management programs can reduce delay associated with
congestion caused by incidents by 50 to 60%.

The Maryland automated surveillance program, which has lane
sensors and video cameras, has an estimated benefit/cost ratio of
5.6:1, mostly from a 5% decrease in congestion caused by
incidents.

Minnesota's Highway Helper Program has reduced the duration
of stalled vehicles by § minutes.

Ibid.

Electronic Toll
Collection

Electronic toll collection increases capacity by 200 to 300%
compared to attended lanes.

Ibid.

Emergency
Management

Accidents in freeway systems under freeway management were
reduced between 15% and 50%.

Speed enforcement cameras in London have reduced speeding
by approximately 10%, accidents by 20% to 80%, and serious
injuries and fatalities by about 50%.

Ibid.

Advanced
Highway-Railroad
Grade Crossings

Active railroad grade crossings have reduced the number of
accidents at intersections by 64% from 1978 to 1993.
Advanced warning systems are expected to equal or exceed
these benefits.

Volpe National
Transportation
Systems Center,
Safety of Highway
Railroad Grade
Crossings: Research
Needs Workshop,

Vol. I, January 1996.
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ATIS include an array of public and proprietary multi-
modal traveler information products and services that
use advanced telecommunications and electronics,
digitized “smart” maps, GPS, and other technologies
to disseminate timely and accurate traffic, transit, and
other travel-related information. ATIS also include a
set of mobile personal security and safety services,
commonly referred to as “Mayday” products.

ATIS, the traveler information broadcast function of
the advanced metropolitan travel management system,
processes two types of information: dynamic, which
describes current traffic conditions (including weather
advisories) and transit schedules, and szatic, which is
provided to the traveler using digital maps, routing
algorithms, and electronic data bases and consists of
detailed route guidance according to the range of
modes available.

System performance information is collected through
the ATMS, APTS, and other transportation manage-
ment systems to meet agencies’ individual and shared
needs for transportation network information. This
information on traffic and transit conditions can be
disseminated to the public through public or private
sector service providers to support more informed
travel decisions. The Mayday services will allow trav-
elers to contact a service center for roadside vehicle
assistance, emergency medical assistance, or emer-
gency police assistance at the touch of a finger or, for
more sophisticated systems, if a vehicle’s air bag
deploys.

ATIS concepts represent a new paradigm in travel
information; these systems will replace the traffic
information that has been available since the 1950’s
through radio traffic broadcast companies. For exam-
ple, traffic broadcasters provide radio stations with
discrete profiles of traffic hot spots at 5- to 10-minute
intervals. ATIS can provide the traveler with an array
of travel options for any specific destination at the
moment the service is queried. ATIS can also draw on
a broader range of travel information infrastructure

SHAKEN-UP TRAVELERS SEE NEED FOR
INFORMATION

- Plagued by smog from vehicle emissions, Los Angeles
has repeatedly encouraged the use of mass transit and
ridesharing among local travelers. To motivate a switch

| to earth-friendly transportation, the city decided to

| inform the public of high-occupancy transportation
choices through the California Smart Traveler project.

The project called for placing three - kiosks -offering’
advanced traveler information in public locations. -
When the 1994 earthquake destroyed major roads and
forced many commuters to investigate alternative
- routes and modes of transportation, the number of
~ kiosks shot to 80 to accommodate the sudden demand
for information. Located in shopping malls, public build-

' ings, business parks, and such gathering spots as the -
- YMCA, the kiosks enabled travelers to plan transit .
trips, find carpools, view traffic conditions on the free-

way system, and print travel itineraries. E

. One year after the earthquake, kiosk usage remained
high, averaging 60,000 inquiries a month. When funding
for the program ran out, however, the city was forced
to remove the kiosks, despite popular demand. The city
is currently seeking a private funder who could operate
the kiosks and return them to their former locations.
The only requirement the City would make under a

~ public-private partnership is that the kiosks include
traveler information and transit routes and schedules.
Private funders could enhance the kiosks with any addi-
tional information they want to convey to the public.

" Despite funding shortfalls, the Smart Traveler project
- proved that, even in the automobile capital of the
world, travelers value timely information on multiple
travel options. ‘ '

and are more accurate, comprehensive, and tailored to
the customer. ATIS can be easily accessed through a
variety of information media and provide context-sen-
sitive information of specific interest to individual
travelers.

Traveler information used by ATIS is currently col-
lected and broadcast by both public agencies and pri-
vate companies. As in the past, general traffic infor-
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mation is available to travelers through such media as
televisions, radios, and telephones. Enhanced traveler
information is available in most major cities as part of
the bundle of information services customers receive
with their subscriptions to cellular phones. In certain
regions, such as greater Los Angeles and Houston,
enhanced traffic information is also available as part
of subscriptions to pager service, cable television, and
the World Wide Web. In several major cities, includ-
ing Los Angeles, Minneapolis, Seattle, and Atlanta,
publicly financed kiosks are used to disseminate
regional multimodal traveler information.

A new set of ATIS travel products that has emerged
from the private sector since 1993 includes digitized
maps, route guidance software, enhanced GPS loca-
tion identification, and points of interest for location
referencing (such as the nearest gas station or bank).
The products are available as software packages for
use on personal computers and as stand-alone prod-
ucts for installation in automobiles. Manufacturers of
several of these traveler information products are
experimenting with adding live traffic and transit
information to their data bases and route guidance
algorithms; others expect to provide dynamic route
guidance on future models. This product niche is
developing more slowly in the United States than in
Japan and Europe because of uncertainty about U.S.
consumers’ willingness to pay for travel information.

PROGRAM GOALS

The goals of the ATIS program are to increase safety
and reduce travel time for the traveling public.
Objectives include determining the best methods for
providing travelers with real-time information on traf-
fic and transit conditions, understanding the interde-
pendency of public and private investments in the con-
tinued development of ATIS products and services,
and developing information standards and communi-
cation protocols for the dissemination of multimodal
traveler information.
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PROGRAM ACTIVITIES

The program’s deployment-oriented agenda includes
research on user acceptance and human factors, eval-
uations of field demonstrations, development of archi-
tecture and standards, outreach, and deployment sup-
port.

User Acceptance Research: This program was creat-
ed in response to the challenges of developing ATIS
services that travelers will value and use, providing
data to transportation planners and policy makers on
how ATIS can enhance the efficiency of the trans-
portation network, and understanding the relationship
between public and private investments in accelerat-
ing ATIS deployment.

The program has three parts. First, research on the
value and impact of ATIS is pursued directly with pri-
vate travelers. The private traveler research program,
which will be completed in 1997, will answer such
questions as: How will the various types of ATIS be
valued by different user groups and in different con-
texts? Second, the program provides direction to other
ATIS researchers, such as field test evaluators, on how
to structure and manage consumer acceptance
research. To that end, the program produced a research
primer, a research handbook, and a specialized semi-
nar. Third, the research program has focused on docu-
menting and analyzing the evolution of the market for
ATIS products and services.

Research papers are written periodically to update and
analyze the evolution of the ATIS marketplace and
track the emergence of new products and services that
provide traffic information, route guidance, naviga-
tion, and Mayday products. The first paper was writ-
ten in 1993 when very few ATIS products were avail-
able to travelers; it focused on the predominant traffic
news services and their underlying business models.
The second paper, written in 1996, updates the earlier
findings with a catalog of ATIS products and services
available for sale in the United States and Europe, as
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well as a critical review of the business strategies evi-
dent from the companies’ market activities.

These reports are used by industry to support compet-
itive analyses of the traveler information marketplace.
The reports provide an objective snapshot of ATIS
market activities, enabling both companies that are
currently invested in ATIS and those that are consider-
ing entry into the market to examine their own strate-
gies in relation to other national and international
companies. Government agencies use the reports to
familiarize themselves with the activities and logic of
this newly emerging market. These reports also help to
inform State and local government investment deci-
sions related to integrating and broadcasting traffic
information to the traveling public.

Human Factors Research: FHWA and NHTSA are
pursuing human factors research to measure the safe-
ty consequences of in-vehicle information systems. As
the number of in-vehicle driver distractions increases,
the question of motorist and highway safety becomes
paramount. One project is developing in-vehicle infor-
mation system prototypes that can handle multiple
sources of information. A second research project is
developing human factors guidelines for in-vehicle
ATIS components. These human factors issues are
examined in the context of in-vehicle routing and nav-
igation systems, motorist information services, safety
advisory and warning systems, and in-vehicle display
systems.

Field Operational Testing: U.S. DOT has launched
15 ATIS field operational tests, 5 of which are com-
plete. Evaluations have addressed technical opera-
tions, institutional issues, and user response and
acceptance. For example, users’ responses to the
Orlando TravTek field evaluation of an in-vehicle nav-
igation and route guidance system led the private sec-
tor partners to further refine the in-vehicle ATIS pro-
totype. Subsequently, Rockwell International com-
mercialized the system and is successfully selling the

In-vehicle route guidance systems using moving maps, GPS, and
vehicle location technology can help drivers navigate in unfamil-
iar areas and avoid congested routes.

product to Oldsmobile and to Hertz, Avis, and
National rental car companies for use in their rental
fleets. A similar product is currently available in
California as original manufacturer’s equipment on
the Acura 3.5RL. The ADVANCE project in Chicago,
IL, revealed that drivers who are already familiar with
the road network may prefer generating their own
routes instead of using those generated by the in-vehi-
cle device. The evaluation of the Boston SmarTraveler
field test of real-time traffic and transit information
concluded that travelers obtain value from accurate,
real-time information. More than 50 percent of
SmarTraveler users reported that they adjust their trav-
el plans in response to the SmarTraveler real-time traf-
fic report.

Archictecture and Standards: The ATIS Interoper-
ability Summit, jointly sponsored by FHWA, FTA,
and ITS America in May 1996, brought together pub-
lic and private sector providers of advanced traveler
information products and services to discuss architec-
ture and standards. The objective was to define priori-
ties and direction for the development of information
exchange standards in the framework of the national
ITS architecture. A draft listing of near-term priority
information elements that would be exchanged
between traffic and transit management subsystems
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ExHiBIT HHI-6
SYNOPSIS OF AT!S TECHNICAL LESSONS LEARNED

Traveler In-vehicle Devices

Information‘ Kiosks

Traffic and Transit
Management Center

Real-Time Transit Work/Home
and Mul.timodcﬂ Interactive Video Real-Time Travel
Information Display Information and

Route Guidance

ATIS technologies include an array of public and proprietary multimodal traveler information products
and services. ATIS technologies also include a set of mobile personal security and safety services, com-
monly referred to as “Mayday” products. We have learned the following about technical issues:

 Tield operational tests, such as TravTek, have demonstrated that in-vehicle display devices using
moving maps, GPS, and vehicle location technology are technically feasible.

» The ITS Program has developed preliminary human factors design guidelines for in-vehicle driver
interfaces that address safety and effectiveness.

* Field tests have shown that properly designed in-vehicle devices do not degrade safety.

and information service providers was developed for
review and use by stakeholders and SDOs. Develop-
ment of standards and protocols will accelerate ITS
deployment by reducing the cost of developing ATIS
products and services. Standards will also help mini-
mize local redesign of existing infrastructure by
allowing interoperability of ATIS products throughout
the Nation. The Society of Automotive Engineers and
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the Institute of Traffic Engineers are the primary
SDOs responsible for these activities.

TeEcHNICAL LESSONS

The ATIS lessons learned thus far have come from the
field operational tests, direct user acceptance research,
human factors research, and observation of private
companies’ efforts to bring ATIS products to market.
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Research has revealed that in-vehicle devices, incor-
porating vehicle location technologies and two-way
communications, are feasible. Two field operational
test studies, FastTrac and ADVANCE, have shown
that properly designed in-vehicle devices do not
degrade safety. Further human factors safety research
is planned by NHTSA to systematically study the safe-
ty effects of in-vehicle devices. In addition, current
operational testing is exploring the feasibility of using
cellular phones and electronic toll collection tags as

traffic probes to supplement other more expensive,

infrastructure-based tools for monitoring traffic. Field
tests and industry research have established that FM

sidebands can be used to transmit relevant traffic
information. Industry R&D efforts are currently push-
ing toward development of products that seamlessly
integrate traffic information with navigation assis-
tance for dynamic route guidance. Exhibit II-6 high-
lights technical lessons learned in the ATIS program.

BENEFITS

Travelers have cited several benefits of ATIS pro-
grams, including their ability to provide more efficient
use of travel time, greater control of daily schedules,
increased confidence about finding destinations in

unfamiliar territory, and an improved sense of person-

ExHiBIT HII-7
BENEFITS OF ATIS

Route Guidance

The TravTek operational test showed that, for drivers that are
unfamiliar with an area, in-vehicle systems can reduce wrong
turns by 33% and travel time by 20% compared with using
paper maps. Travel planning time decreased by 80%.

ATIS Element Benefits Source
In-Vehicle Model simulations estimate that in-vehicle information can Mitretek Systems,
Navigation and decrease travel times by 8 to 25% in congested conditions. Assessment of ITS

Benefits: Emerging
Successes, prepared
for FHWA,
September 1996.

Traveler
Information
Systems

By providing motorist information via variable message
signs, the Information for Motorists (INFORM) program in
Long Island reduced annual delay by as much as 1,900
vehicle-hours during rush hour periods and 300,000 vehicle-
hours in incident-related delays.

A Mitretek simulation study predicted that pre-trip
information about incidents could reduce delay by 21% when
travel options are presented and pre-trip information is
universally available.

Ibid.
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Real-time information can be provided by cable television and
the World Wide Web.

al security. Exhibit III-7 provides more specific exam-
ples of benefits, obtained from operational tests and
other research.

INSTITUTIONAL IssUES AND USER
ACCEPTANCE

Travelers of all types and in all contexts value ATIS
services and will use them when they are provided free
of charge. The value that a traveler assigns to the infor-
mation or service varies in relation to external factors,
the influences of which are not yet fully understood.
For example, a synthesis of findings on how users
value ATIS indicates that travelers are willing to pay
for navigation and route guidance information in rental
cars driven in unfamiliar cities, but are unwilling to pay
for similar information in the family car. Drivers are
willing to pay for traffic information during winter in
such regions as Minneapolis and Boston, but drivers in
more moderate climates will not.

The biggest growth in ATIS market offerings was in
aftermarket in-vehicle navigation products available
for sale through auto electronics and stereo stores.
Their high average price of $2,000 per unit prevents
broad market response, and sales in 1996 were slow.
The next two largest increases in market offerings
were computer-based route guidance and navigation
software and traffic and travel offerings on the
Internet. The most distinct trends at this time are the
sale of in-vehicle navigation and route guidance prod-
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ucts, offered as manufacturers’ original equipment in
high-end German and Japanese imports, and bundled
information services, including traffic information,
made available as part of a subscription with existing
communication media, such as cellular telephones,
cable television, and the Internet.

The evolving ATIS business model involves collect-
ing, processing, and disseminating information on
traffic and transit conditions. Throughout most of the
Nation, public agencies already collect real-time traf-
fic and transit information for system management
purposes. Private companies, acting as value-added
resellers, collect information from the agencies,
process it for resale, and make it available to cus-
tomers—either the travelers themselves or intermedi-
ary service providers, such as cellular telephone,
pager, or cable television companies. Several private
companies are also collecting proprietary data to
supplement public sources of traffic and transit infor-
mation and are selling their information to the
public sector and to intermediary proprietary service
providers. It is still too early to predict whether any
single approach to traveler information services will
dominate. Both models serve the interests of the trav-
eling public.

The TravTek operational test revealed that 38 percent
of all users of in-vehicle navigation devices found
them helpful in navigating through unfamiliar areas,
and 63 percent of local drivers found the technology
convenient. Rental car vendors report that customers
pay a premium for the devices in rental vehicles.

In addition, preliminary reports of multimodal infor-
mation kiosks in Los Angeles revealed that 79 percent
of users find them easy to use, and 84 percent would
use the kiosks again. Most users were interested in
information for future trips rather than for immediate
transportation purposes. Similar positive responses
were obtained from the kiosk users at Atlanta’s
Traveler Information Showcase during the 1996
Olympics.
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Although these developments are encouraging, sever-
al significant challenges exist to the widespread
effective deployment of ATIS. Effective deployment
requires that real-time traffic and transit information
be available to travelers at home, in public or private
vehicles, and at work. Continued development of pri-
vate sector ATIS products and services requires both
quantitative information on the condition of the trans-
portation network and standards for information
exchange and communications. Private sector
involvement is also predicated on the value placed on
ATIS services by travelers and their willingness to
pay for these services. Finally, full realization of the
benefits of ATIS ultimately requires that each State
deploy an integrated system of traffic detection and
information dissemination that has been developed in
accordance with the communication and information
exchange approach of the national ITS architecture.

One institutional issue affecting ATIS deployment is
the question of who owns rights to the information
collected from monitors installed on the infrastructure.
Currently, in areas where the public sector collects
regional multimodal information to meet its own traf-
fic management requirements (such as in Houston;
Montgomery County, MD; Phoenix; and San Fran-
cisco), private traffic broadcast companies are allowed
direct access to the information. Most States and pri-
vate companies expect this institutional model to con-
tinue to dominate. In Boston, however, SmartRoute
System, Inc., receives State funds to collect, process,
and broadcast traffic information gathered from public
and proprietary sources for the SmarTraveler program.
A partnership agreement with the Massachusetts
Highway Department stipulates that SmartRoute
System can sell the information to other value-added
resellers, but must split profits from the sale with the
State.

FUTURE DIRECTIONS

When the MDI process is completed in early 1998,
four metropolitan areas will support dynamic ATIS
and serve as a proving ground for private products and

services, as well as a showcase for the benefits of
ATIS to travelers. The San Francisco Bay Area
TravInfo project will be fully operational in 1997 and
will provide the private market with another testbed
for assessing the value of ATIS.

FHWA and NHTSA will pursue the ITS research pro-
gram for the driver-vehicle interface through 2002.
This effort will result in human factors recommenda-
tions on how integrated driver information systems
should be designed and should function to maximize
safety, mobility, efficiency, and driver acceptance. In
1997, the user acceptance research program will com-

Smart kiosks at transit stations, shopping centers, and other pub-
lic places can provide travelers with up-to-the-minute informa-
tion on transit schedules, road conditions and alternative routes,
giving a measure of sanity, control, and predictability to the
transportation system.
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plete a major project on consumer response to ATIS,
which is expected to result in a greater understanding
of travelers’ needs and values.

Other future activities in the ATIS program include
continued development of information standards and
communication protocols, operational test evalua-
tions, and the National Capital Region Traveler
Information Project, serving the Washington, DC,
metropolitan area. Finally, the education and outreach
program is planning to expand its reach beyond elect-
ed officials and transportation managers to the gener-
al public.

ADVANCED PUBLIC TRANSPORTATION
SYSTEMS

Smart investments in public transportation are critical
to balancing and strengthening intermodal surface
transportation systems. With the advanced public
transportation systems (APTS) program, the ITS
Program accurately reflects the broad range of inter-
modal needs of the Nation’s surface transportation sys-

Transit customers can benefit from their local operators’ success
in using APTS technologies to save money and implement safer
and more efficient services.
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tem, which includes not only highways and services to
private and single-occupancy vehicles, but also bus
and rail fleets, paratransit operations, and ridesharing
programs. The APTS program has guided the evolution
of the U.S. DOT’s ITS Program toward the inclusion
of transit, identifying opportunities suited to ITS appli-
cations. Through the support of operational tests and
evaluations, the APTS program has collected and dis-
seminated extensive information about the perfor-
mance and benefits of APTS technologies.

APTS technologies are aimed at both transit operators
and riders. Transit operators are interested in imple-
menting ITS to enhance customer convenience,
improve passenger and operator safety, assist in reduc-
ing surface congestion, decrease operating costs, and
increase ridership. Transit customers can benefit in
turn from their local transit operators’ success in sav-
ing money and implementing safer and more efficient
services.

The APTS program, administered by FTA, focuses on
three fundamental applications for public transporta-
tion that relate to vehicles, fares, and customers:

¢ Transit fleet management systems embrace a
broad set of technologies that boost the efficiency
of transit systems, reduce operating costs, and
improve transit services to the public through more
precise adherence to schedules. The technologies
include AVL devices; annunciators and signs in the
vehicle; computer-aided dispatching; “vehicle pri-
ority” technologies, including devices allowing
transit operators to manage traffic signals; auto-
matic passenger-counting equipment; engine con-
dition sensors; and silent alarms from bus to dis-
patcher.

* Electronic fare payment systems use advanced
fare media, such as magnetic stripe cards and smart
cards, and electronic communication, data process-
ing, and data storage to make fare payment more
convenient to travelers and revenue collection less
costly for transit providers. Electronic payment
systems also gather real-time transit information



HI. ITS PROGRAM DETAIL

on travel demand for better planning and schedul-
ing of services.

* Traveler information systems use computer and
communication technologies to provide real-time
vehicle information, made possible with the use of
AVL systems, to travelers at home, at work, on the
roadside, or at bus and rail transit stations. The
real-time information allows travelers to choose
the most efficient and convenient modes of travel.
Not only can travelers learn when the next bus is
due, but also how congested the freeways are.

PrROGRAM GOALS

The purpose of the APTS program is to develop, test,
and deploy ITS technologies and services that will
improve the mobility, safety, and convenience of tran-
sit passengers and make operations more efficient and
cost effective for transit providers. Specifically, the
program has two goals: to improve the quality of pub-
lic transportation service for users through increased
service reliability, reduced travel times, more conve-
nient fare payment, more accurate and easily obtained
travel information, and faster incident response; and to
enhance the cost effectiveness of transit operations,
maintenance, and planning through automatic data col-
lection and improved real-time scheduling of vehicles.

The FTA, in cooperation with the ITS JPO, has devel-
oped a comprehensive APTS program plan that
presents goals and objectives, areas of focus, and
near- and long-term projects. The program plan was
completed at the end of 1996 and will be updated as
needed.

PROGRAM ACTIVITIES

APTS program activities aim to advance the state of
the art and the state of the practice for APTS tech-
nologies and services and facilitate their integration
with other components of ITS infrastructure in metro-
politan and rural areas. Primary activities include
applied research, field testing and evaluations, and
training and outreach efforts. The U.S. DOT’s efforts
have encouraged almost one-half of the transit agen-

cies in the Nation to use or plan for APTS technolo-
gies within the next decade. More agencies are expect-
ed to begin planning for ITS deployments as tech-
nologies are further mainstreamed and their benefits
better quantified.

R&D: Applied R&D has advanced the state-of-the-
practice APTS technologies through technical feasibil-
ity studies. The U.S. DOT evaluates new technologies
to assess their potential benefits to transit. The results
are published periodically in Advanced Public
Transportation Systems: The State of the Art. In addi-
tion, FTA is coordinating with the FCC and others to
ensure that communication frequencies for transit and
ITS are not negatively affected by proposed radio fre-
quency refarming legislation. Future studies will
address transit system architecture requirements,
human factors issues, frequency spectrum require-
ments and allocations, multimodal fare/toll payment
smart cards, automatic vehicle monitoring and man-
agement system implementations, and map and spatial
data base requirements. Technical support will include
research and assistance to transit authorities imple-
menting APTS technologies. In addition, FTA is eval-
uating computer reservation, dispatching, and billing

Smart cards can electronically pay for an array of services,
including transit fares, tolls, and parking. By eliminating cash
handling, these cards make fare payment more convenient to
travelers and revenue collection less costly for service
providers.
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' IMPROVING TRANSIT PRODUCTIVITY IN
Kansas City

g a funding squeeze and the need for greater effi-
iency, the Kansas City Area Transportation Authority
ATA) turned to technology for answers. Rather
spending $2 million to replace an outdated radio
munication system, KCATA opted to spend an
ional $250,000 to outfit its entire fleet of 240
with an AVL system.The cost also included instal-
ation- of I50 smart signposts along bus routes to read
nd.communicate bus locations directly to a new com-
r-aided dispatch center.

spatch headquarters, a console monitors the actu-
cation of each bus and compares it with the bus’
ied route and schedule. Dispatchers can focus on
ses that are ahead of or behind schedule and make
riate adjustments. A digital readout in every bus
ovides drivers with the same real-time information,
dicating whether they are running early or late on
‘scheduled routes. All buses are also equipped with
nt- alarms for emergency situations.

cperatlon since November 1990, the AVL system has
ved Kansas City well. On-time performance of the
nsit system has increased from 78 to 95 percent,
; h’ng{f,a reduction in the road supervisor fleet. In
dition KCATA was able to eliminate seven buses
‘outes and estimates savings of $400,000 annu-
operating expenses—without diminishing service
ssengers. The system has far surpassed initial
tions. Dispatchers are pleased with the way the
L system assists them in performing their duties, and
vers appreciate the added safety the system provides;
ponse time for handling emergencies has been
| from up to ten minutes to approximately one

e original signpost system has experienced some
hnical problems in the last 2 years, and KCATA has
n'a $209,000 replacement and upgrade of all the
nposts. Once they are fully operational in early 1997,
upgraded signposts will enhance the system with
uch-features as automated passenger counting, auto-
mated stop announcements, and improved driver and
“‘passenger security systems.
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services for small urban and rural transit operations.
This study will assess combinations of hardware and
software and recommend procurement guidelines.
FTA is also developing a program to apply APTS tech-
nologies to rural transit systems. Through this pro-
gram, the benefits of improved service and increased
efficiencies will be transferred to rural fixed-route,
paratransit, and ridesharing systems.

Field Testing: The extensive APTS field operational
test program is aimed at resolving technical and insti-
tutional issues and developing a better understanding
of the cost effectiveness of APTS technologies and
services. The program has established 29 multiyear
field operational tests, 13 of which are complete. The
available results, and other evaluations of early
deployments, are the subject of several studies, most
recently the August 1996 report, Benefits Assessment
of Advanced Public Transportation Systems. Eval-
uation results are shared with transit agencies to assist
them in determining how APTS technologies can meet
their performance objectives.

Standards: The APTS program is working with the
standards program to ensure that transit agencies can
share information with each other, other planning
departments, and regional traffic management centers.
As part of this process, ITE has developed a prelimi-
nary transit communications interface protocol
(TCIP). TCIP permits the development of a “plug-
and-play” environment for information-based transit
applications, such as scheduling software, traveler
information systems, and AVL systems. In addition,
the APTS program has supported ISO Technical
Committee 204, Working Group 8, to develop interna-
tional transit and emergency ITS standards.
International standards enhance product quality and
reliability; increase compatibility, interoperability, and
efficiency; and reduce development, production, and
training costs.

The three functional areas of APTS, transit fleet man-
agement, electronic fare payment, and multimodal
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ExHiBiT HI-8
SYNopPsis OF APTS TEcHNICAL LESSONS LEARNED
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Transit Fleet Management Systems

APTS applications include transit fleet management, electronic fare payment, and traveler information
systems. Over the past 5 years, we have learned much about the technical issues of APTS, including:

« First-generation smart cards are technically viable for rail and bus travel. Current efforts are target-
ing the development of universal cards that can pay for a wider range of services, including toll fees
and public parking.

» For transit fleet management systems, techniques have been developed to leverage personal com-
puter technology, geographic information systems, wireless communications, and AVL systems.

» Because of the costs of the operation centers, larger transit agencies (those that have 100 or more
buses in the fleet) have deployed fleet management systems more often than smaller agencies.
However, the smaller operators, who generally cover a larger geographic area, have the greatest need
for these systems.

e Operational tests have shown that disseminating transit information via kiosks, signs, home comput-
ers, cable television, and personal communicators is technically viable.
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ExHiBiT 111-9
BENEFITS OF APTS

APTS Element Benefits Source
Transit Fleet Maryland Mass Transit Administration's AVL system ITS America
Management increased on-time performance on test buses by 23%.

Kansas City Area Transit Authority's average response time FTA

to calls for bus operator assistance was reduced from 10

minutes to 1 minute with its AVL system.

Winston-Salem Transit Authority's AVL/computer-aided Ibid.

dispatch system increased paratransit ridership by 17.5% and

decreased paratransit passenger waiting times by 50% in

North Carolina. The system also decreased operating

expenses by 2% per passenger and by 9% per vehicle mile.

Massachusetts Bay Transportation Authority's Gasoline Alley | Ibid.

advanced vehicle management project produced savings of

$500,000 by improving maintenance and data processing and

reducing waste and pilferage.
Electronic Fare Nationally, decreases in fare evasions at those transit systems | Mitretek Systems,
Payment that have installed electronic fare payment technology have Assessment of ITS

resulted in increases in revenues of 3% to 30%. Benefits:

Faretrans, an operational test in Ventura County, CA, Emerging

estimates that its smart card system can save $9.5 million per | Successes,

year in reduced fare evasion, $5 million per year in reduced | prepared for

data collection costs, and $990,000 per year by elimination of | FHWA,

transfer slips.

New Jersey Transit Corporation estimates that its automated
fare collection system can save $2.7 million in fare-handling
costs. The system increased revenues by 12%.

New York City's Metropolitan Transit Authority estimates
that its metro card system will save $70 million per year in
fare evasion.

September 1996.

Traveler Information
Systems

The California DOT reported that over 85% of Smart
Traveler kiosk users in Los Angeles plan to continue using the
kiosk to obtain travel information.

San Diego County's interactive voice response system
increased information agent productivity by 21%.
Rochester-Genessee Regional Transportation Authority's
automated transit information system will allow the authority
to reduce operating costs.

New Jersey Transit's automated voice response telephone
information system has reduced caller waiting time from 85
seconds to 27 seconds and the caller hangup rate from 10% to
3%. The system also handled 400,000 more calls than the
previous year.

Ibid.
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traveler information, are also a part of the metropoli-
tan intelligent transportation infrastructure. As a
result, the APTS program encourages those deploying
APTS technologies to use the national ITS architec-
ture—the framework that enables ITS user services to
share information and work together.

Outreach: Through outreach efforts, the APTS pro-
gram disseminates the results and lessons learned
from its research activities to transit professionals and
passengers. As part of the program for building pro-
fessional capacity, the APTS program recently devel-
oped a training module on transit management sys-
tems to train transportation professionals about the
technical and operational requirements of APTS tech-
nologies and services. These sessions began in
September 1996. In addition, the APTS program’s
ongoing support of the National Transit Institute at
Rutgers University provides further opportunities for
transit professionals to expand their knowledge
through various courses. Finally, the APTS program
has reached out to professional organizations, includ-
ing the American Public Transit Association, with
grants to conduct seminars and other training sessions
on new technologies and to disseminate ITS publica-
tions to their memberships.

TecHNICAL LESSONS

First-generation transit technologies are viable and
feasible, although early projects took longer than
expected to implement because of hardware, software,
and system integration problems. Standards are criti-
cal to guide the development of mobile communica-
tion systems and vehicle location devices on buses.
Currently, transit operators must have these systems
custom-made; standards will likely reduce their per-
unit cost. Exhibit III-8 highlights technical lessons
learned in the APTS program.

BENEFITS

As shown in Exhibit I1I-9, many of the anticipated
benefits of APTS have been realized. The FTA’s recent
analysis of benefits to the transit industry indicates

that current and planned deployments at U.S. transit
authorities will yield cost savings totaling between
$3.8 billion and $7.4 billion (in 1996 dollars) over the
next 10 years. FTA’s total budget over the next decade
is estimated to be $38 billion; therefore, if the transit
industry achieves even the low estimate of $3.8 billion
in savings, the return on the Federal investment will be
10 percent annually. In addition to reductions in oper-
ating costs for transit operators, other benefits could
be achieved if APTS can help reduce demand for
vehicular travel.

The APTS program is continuing to evaluate projects
to better understand the potential benefits of specific
technologies. The program has not yet determined if
electronic fare payment systems induce people to
switch to transit. Further research must also be con-
ducted to determine which method of disseminating
traveler information (i.e., kiosks, PCs, en route sys-
tems) is most effective to reach the largest number of
travelers and whether providing real-time travel and
traffic data will encourage more people to ride transit.

INSTITUTIONAL IsSUES AND USER
ACCEPTANCE

User acceptance of APTS technologies is high and
continues to grow. Exhibit I1I-10 shows the number of
actual and planned APTS deployments in the United
States in the next decade.

Fleet management technologies—particularly GPS-
based vehicle location systems—continue to be
deployed at ever-increasing rates. The U.S. DOT
found that 27 transit systems are operating more than
9,250 vehicles under AVL supervision; another 42 sys-
tems are in procurement or testing. Automated fare
technologies are also finding markets; at least 28 pub-
lic transit systems in the United States are increasing
the level of automation in their fare collection sys-
tems. The 1996 report entitled Advanced Public
Transportation Systems Deployment in the United
States documents existing and planned implementa-
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ExHiBiT HIHI-10
AcTuAaL AND EXPECTED APTS DEPLOYMENTS IN THE UNITED STATES

plane (8 vehicles), monorail (8 vehicles).

; one of the three APTS elements.

Svstem Deployments” Transit Fleet Electronic Fare Traveler Total Transit
y ploy Management Payment Information Industry”

Agencies operating systems in 1996 147 28 53 174
(% of all agencies) (29.8%) (5.7%) (10.8%) (35.3%)
Agencies operating systems by 2005 214 66 97 246
(% of all agencies) (43.4%) (13.4%) (19.7%) (49.9%)
Total vehicles in agencies operating 20,918 10,913 19,242 39,662
systems in 1996 (32.4%) (11.8%) (20.8%) (42.9%)
(% of all vehicles)

Total vehicles in agencies operating 49,986 21,710 33,465 54,296
systems by 2005 (54.1%) (23.5%) (36.2%) (58.7%)
(% of all vehicles)

Note:

“The total number of agencies used in this comparison is 493 and the total number of vehicles is 92,436. The vehicle
count includes fixed-route motor bus (53,720 vehicles), demand responsive (17,447 vehicles, primarily buses), heavy
rail (10,282 vehicles), commuter rail (5,126 vehicles), vanpool, jitney (4,005 vehicles), light rail (1,031 vehicles),

trolleybus (643 vehicles), ferryboat (86 vehicles), automated guideway (41 vehicles), cable car (39 vehicles), inclined

“Total transit industry counts are lower than sum of previous three columns, since most agencies deploy more than

Sources: FTA's 1994 National Transit Database and APTS Deployment in the U.S., August 1996.

tion of APTS technologies and services. APTS are,
however, only gradually being integrated with other
components of the metropolitan intelligent infrastruc-
ture, such as traffic management systems. In addition,
although traveler information technologies can help
transit agencies disseminate timely and accurate ser-
vice information, the agencies are often reluctant to
" provide transit schedule information for fear that the
broadcast may not accurately describe system status.
In addition, if the operators quickly implement strate-
gies to restore schedule performance, the bus may
arrive before it is expected, and people may miss it.

Interagency cooperation, training, and education are
critical to successful deployment of APTS products
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and services. Transit authorities, which are usually
independent of other transportation agencies (such as
municipal public works agencies), will need to work
cooperatively to deploy APTS successfully. Transit
agencies and municipalities, for example, must collab-
orate to develop and implement signal priority sys-
tems for transit vehicles. Training and education are
also needed to prepare transit professionals for future
challenges and to overcome individual reluctance to
accept new technologies. A major objective of courses
offered at the National Transit Institute and other uni-
versities is to increase the number of new skilled tran-
sit professionals. FTA and the ITS JPO are addressing
these training issues through their program for build-
ing professional capacity.
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Universal multi-use smart cards require the coopera-
tion of major banks and credit card companies. After
agreeing on international standards for stored-value
cash cards in early 1995, Visa and MasterCard are
supporting pilot projects for multi-use cards. The open
system arrangement allows transit agencies to take
advantage of the extensive communication and finan-
cial management infrastructure being established by
the financial industry for electronic payment systems.

Labor relations in the transit industry are extremely
important because unions have the power to demand
that transit agencies secure agreement from labor
before investing in capital facilities, including new
technologies. As a result, outreach efforts must reach
union representatives, particularly those responsible
for bus operators, who may be hesitant to use new
technologies, fearing loss of personal privacy and
excessive management supervision.

FUTURE DIRECTIONS

The APTS program will continue to foster acceptance
of APTS technologies and their integration into the
metropolitan ITS infrastructure. Future work will also
emphasize standards to promote information sharing,
expand product selection for public transit providers,
and facilitate system integration.

The APTS program also will push to advance the state
of the art in all three areas of APTS services through
research and field testing. For transit fleet manage-
ment, the program will examine, consider, and
develop new communication systems and other tech-
nologies to streamline passenger counting, assist in
operational strategies for flexible routing of vehicles,
facilitate multiple-agency regional fleet management,
and enhance automated system diagnostics.

Efforts in the electronic fare payment program will be
directed at developing the next-generation smart card
that is “contactless” and compatible with Europay/
MasterCard/Visa chip card standards. This card would
move toward a universal standard that would enable it
to be used for a variety of services, including elec-
tronic toll collection, transit fares, and public parking.
Pilot tests in field settings are in process. For example,
a “VISA CASH” stored-value card was tested in
Atlanta during the 1996 Olympic games.

The program will seek to improve the quality and sup-
ply of information to support traveler information sys-
tems. This work includes continued investigation of
new media (such as personal communication devices)
through which to present traveler information. Much
of the research and field testing of these technologies
is also already underway in the ATIS and ATMS pro-
grams. Integration of real-time transit information
with traffic information is the next step in developing
regional multimodal traveler information systems.

Growth of the Nation’s highway capacity is increas-
ingly constrained by costs and other issues associated
with building more roads. This situation will increase
the demand for transit to carry a greater share of grow-
ing transportation needs. Demand for public transit to
make do with fewer public dollars will also continue.
The APTS program will identify and define solutions
to meet these challenges. In addition, the program will
continue to ensure that transit in the United States is
equipped with the most efficient technologies and pro-
vides an unprecedented level of customer-oriented
service to bring transit use further into the mainstream.
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C. Advanced Rural Transportation Systems

he transportation needs of rural areas differ sig-

nificantly from those of urban areas. Although
less than 40 percent of annual vehicle-miles traveled is
on rural roads, these roads account for 60 percent of
all traffic fatalities because of higher speeds and rela-
tively slow emergency response. Further, many rural
residents are isolated, without a car or access to public
transportation. Currently, 38 percent of rural residents
live in areas without any public transit service; anoth-
er 28 percent live in areas where the level of transit
service is negligible. In addition, visitors to rural
tourist areas have limited access to directions and
other basic travel information.

The rural element of the ITS Program brings together
FHWA, FTA, and NHTSA to advance the strategic
application of ITS technologies and services to
improve the quality of life for rural travelers by pro-
viding better access to people, goods, services, and
information. Some of these services have urban coun-

QuicK FACTS ON RURAL AREAS

+ Rural areas include 83 percent of the Nation’s
land, 2| percent of its population, |8 percent
of its jobs, and 14 percent of its earnings.

* |n 1990, 2,288 of the Nation’s 3,041 counties
were rural.

» Compared with urban areas, rural areas
contain greater percentages of elderly citizens,
people in poverty, households with incomes
below the national median, and homeowners.

* Rural economic shifts have diminished land-
based industry to 7.6 percent of the work
force. Service sector industries employ up
to 51 percent of the rural work force.The
highest producers of economic growth and
employment are recreation and tourism.

terparts, while others are specifically for rural applica-
tions. Advanced rural transportation systems (ARTS)
are clustered into seven critical program areas:

* Traveler safety and security technologies alert
drivers to hazardous conditions and dangers and
include wide-area dissemination systems to pro-
vide safety information, site-specific safety advi-
sories and warnings, and safety surveillance and
monitoring. Collision avoidance systems will sig-
nificantly reduce traffic deaths and injuries.

* Emergency service technologies automatically
notify emergency response services—ambulances,
police, fire fighters—of collisions and other emer-
gencies. Examples are Mayday systems, automatic
collision notification systems, and advanced emer-
gency response systems.

* Tourism and travel information services provide
information to travelers who are unfamiliar with
the local rural area. These systems include infor-
mation services provided at fixed locations and en
route, mobility services, and smart card payment/
transaction systems.

* Public traveler services/public mobility services
improve the efficiency of transit services and their
accessibility to rural inhabitants. APTS technolo-
gies can offer rural transit operators the benefits of
better scheduling capabilities, leading to greater
operational efficiencies. Technologies include AVL
and improved dispatching, smart card payment/
transaction systems, and advanced ridesharing and
ride-matching systems.

* Infrastructure operation and maintenance tech-
nologies improve the ability of transportation per-
sonnel to maintain and operate rural roads. They
include severe weather information services, early
detection of pavement problems, and detection of
dangers to work zone crews.

* Fleet operation and maintenance systems
improve the efficiency of the scheduling, routing,

105



IMPLEMENTATION OF THE NATIONAL ITS PROGRAM: 1996 REPORT TO CONGRESS

and maintenance of rural transit fleets. These sys-
tems use advanced dispatching and routing and
advanced vehicle-tracking technology.

¢ CVO systems manage the movement and logistics
of commercial vehicles, include technologies
specifically for rural areas that monitor vehicle and
driver performance, and locate vehicles during
emergencies and breakdowns.

PROGRAM GOALS

The primary purpose of the ARTS program is to judi-
ciously apply advanced technologies to support the
safe, secure, available, and efficient movement of peo-
ple and goods throughout rural America. The program
has five goals:

» Improve the safety and security of users of the rural
transportation system.

» Enhance personal mobility and access to services
and enhance the convenience and comfort of all
users of the rural transportation system including
those that are unfamiliar with the area.

» Increase the operational efficiency and productivi-
ty of the transportation system, focusing on system
providers.

+ Enhance the economic productivity of individuals,
businesses, and organizations.

* Reduce energy consumption and environmental
costs and impact.

The program brings together the highway and public
transportation communities through public-public and
public-private partnerships to ensure that ARTS are
sustainable and seamlessly connected, where appro-
priate, to other deployed ITS in adjacent corridors and
metropolitan areas.

PROGRAM ACTIVITIES

The ARTS program encompasses R&D activities, as
well as field testing of rural ITS applications. The pro-
gram is still young; major research and field demon-
strations are ahead.
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In early 1993, FHWA initiated a comprehensive study
of rural applications of ATIS. The study produced an
assessment of rural user needs, a technology review,
development of rural system concepts, and an assess-
ment of ARTS activities. Based on this study, the ITS
JPO formed a rural action team in 1995 to develop a
vision, strategic plan, and program plan for the ARTS
program. The preliminary versions of these plans were
completed in September 1996. The team is also pro-
ducing a strategy for creating an ITS infrastructure to
support ARTS applications. In addition, FTA, with the
help of the rural action team, has produced recom-
mendations for ITS to be used in rural public trans-
portation systems. The results of this work will be
guidance materials on applying ITS solutions to rural
transportation problems and mainstreaming these
solutions into standard transportation planning
processes.

In addition to these studies, the program has launched
six operational tests investigating the technical viabil-
ity of traveler, weather, and storm-warning informa-
tion systems and will initiate two to three more tests
during FY 1997. The rural action team is developing a
listing of field tests and demonstrations that might
have rural applications and assessing their potential
benefits for rural communities. The rural applications
investigated include automated collision notification
(Mayday) systems, automated warnings at highway-
railroad crossings, and demand-responsive paratransit.

TECHNICAL LESSONS

Most of the technologies needed for ARTS applications
exist or are being developed for general ITS user ser-
vices. Although some R&D for rural technology may
be justified, the major problems are determining how
to deploy the technologies optimally, and how to han-
dle such issues as information dissemination, training,
and financial resources to deploy existing technology.

The needs and user services associated with ARTS are
common to all ITS users and will best be met by a
national ITS infrastructure that is integrated and inter-
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operable. Developing separate, disconnect-
ed, or overly specialized systems for rural
environments would be counterproductive to
creating a national system.

Rural transportation issues differ from urban
issues, however, because they must address
such factors as longer travel distances, low
population densities, and sparse, unmarked,
or rugged environments. Although rural
applications generally do not emphasize con-
gestion as much as urban applications, some
rural communities need help coping with
part-time or seasonal traffic congestion. For
example, advanced traffic control systems
could be useful technologies for tourist hot
spots, seasonal events, small communities
that have population densities just below the
urban threshold, and rural areas on metropol-
itan fringes.

All of the seven ARTS program areas have
functions that require good radio propaga-
tion for communications and location-posi-
tioning information. ITS often rely on
cellular communication, which in sparsely
populated and rugged areas is currently
unavailable and may remain so until cheap
low-orbital satellite systems are developed.
In rugged terrain, coverage of satellite posi-
tioning signals and communications may be
unreliable. Because of these economic and
technical issues, it is unclear when and
where some ITS functions will be available
in many rural environments.

It is also necessary to precisely define the
cost effectiveness of ARTS applications
given the sparse development and expan-
siveness of many rural areas. After the feasi-
bility limits are defined, explicit decisions
can be made about whether Federal
resources can reasonably extend the borders

AUTOMATED COLLISION NOTIFICATION
IN RURAL AREAS -

Saving lives and reducing medical response time in- crmcal traff’ ic
accidents are propelling development of automated collision notifi-
cation (ACN) systems. Currently in the development and testmg‘
stages, ACN systems automatically and immediately report an acci-
dent and its location to an emergency medical service, s;gmf' icantly -
reducing the time it takes to assist crash victims. Such technology is
vital in rural areas, where many accidents are not’ tmmedlately dis-
covered or reported and people m|ured in acc;dents mtght walt
helplessly for medical aid. :

According to NHTSA, in 30 percent of rural trafF c fatalmes, more'
than one hour elapses from the time of a crash until victims arrwe;k
at a hospital. In 23 percent of fatal rural accidents, more than
10 minutes elapse from the time of an accident until emergency'
medical services are notified. In sharp contrast, less than 8 percent
of fatal urban crashes require more than . IO minutes for notlﬁcanon .
of emergency medical services. :

An ACN system will use in-vehicle equipment to detect a crash and
instantaneously relay information on crash location and severity to

an emergency 911 system. As ACN technology is enhanced, it will "
include special algorithms that may provide estimates of crash vie-
tims' medical conditions and smart card technology designed to
provide medical histories to the emergency medical service dis-

patcher. Two-way communications also will’ be developed to
acknowledge an assistance request and assure victims that help is
on the way. : ~ -

Currently, an operational field test is underway near Buffalo, NY,
that will integrate crash sensors, cellular communication equipment,
GPS position location devices, and automated map display tech-
nologies in a working ACN system. NHTSA is administering the test
to determine whether the technology works as intended, how trav-
elers accept and use the technology, and whether travelers are will-
ing to pay for the technology. Test results shbuld determine the -
effectiveness of the ACN prototype system, measure user accep-:
tance, and test the feasibility of w1despread use. :

in the meantime, less advanced products are on the market, includ-
ing cellular phones for notification and GPS location systems for
pinpointing an accident site. These technologies require that the
driver is capable of making a phone call, unlike ACN systems ACN
will ultimately become a critical element of ITS, especially for rural
areas where it will save lives, reduce injuries, and improve efficiency -
of emergency response. ' o
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of ITS services. In other words, rural demonstrations
need careful planning to efficiently explore the eco-
nomic feasibility of the spectrum of ARTS applica-
tions.

Whether or not Federal resources for ARTS can be
increased, a key strategy to speed deployment is to
increase the efficiency of operations and reduce unit
costs. Besides developing new technologies, one way
to accomplish these goals is to use scale economies of
systems that are not differentiated or localized for par-
ticular rural areas. Another way to increase efficiency
and reduce cost is to consolidate or coordinate tech-
nologies within rural areas. Institutional barriers
between local agencies could, however, impede these
efforts.

BENEFITS

The focus of upcoming efforts of the ARTS program is
to document the benefits of advanced traveler infor-
mation, collision avoidance, and public transit systems
in the rural context. Given the enormous needs of rural
transportation system users, ARTS services are
expected to create significant benefits. For instance,
faster response time to incidents and crashes has been
shown to save lives and reduce medical costs. Security
systems, such as Mayday technologies and traveler
information services, improve customer satisfaction
and peace of mind. The program is developing specif-
ic performance goals to assess ARTS benefits in the
context of user needs.

INSTITUTIONAL IssUES AND USER
ACCEPTANCE

The market for rural travel services includes all resi-
dents of rural communities; commuters from rural to
metropolitan areas, residents of large, sparsely popu-
lated rural areas; commercial movers of goods; public
transit operators; and metropolitan area residents trav-
eling into rural areas, such as tourist destinations. The
following items are the key institutional and user
acceptance issues:
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Early focus group research suggests that residents
of rural communities particularly value the benefits
of Mayday and weather advisory services; howev-
er, liability is a major issue for safety and security
technology such as Mayday and emergency
response systems.

Transportation operators view vehicle diagnostics
(road, traffic, and weather condition) and vehicle
location and navigation services as valuable for
safety and operation of both fixed-route and
demand-responsive services. Many rural transit
agencies are demand-responsive operations and
require information on passenger needs, but do not
have computerized data bases to manage that infor-
mation.

The private sector is expected to take the lead in
developing and deploying ARTS through partner-
ing initiatives involving the highway and public
transportation communities. This new way of pro-
viding service will require innovative financing
principles.

For emergency services, integrating dispatching,
sharing actuarial data, and coordinating with non-
emergency transportation are important issues that
may meet with institutional resistance.

The National Park Service is an important Federal
player in tourism, but other Federal roles in local
economic development must be carefully defined.
The tension between local interests and the nation-
al need to integrate information services may cre-
ate institutional barriers.

Traffic management and public mobility services
raise questions of appropriate jurisdictional inte-
gration to achieve cost effectiveness and economy
of scale.

State DOTs will be dominant players in fleet oper-
ating and maintenance systems, but there is no
existing mechanism to bring all relevant fleets and
providers together. Technical outreach to small
providers is essential.
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The Federal Government has always been concerned
with rural needs. ARTS concepts provide opportuni-
ties for various Federal agency and other public-
public and public-private partnerships. Coordination
between U.S. DOT and the National Park Service, as
well as the Departments of Agriculture, Commerce,
Health and Human Services, and Defense will be
important. The Federal Government also needs to
strengthen its understanding of rural transportation
needs to ensure appropriate ITS applications.

FUTURE DIRECTIONS

In the near term, the ARTS program is compiling
knowledge that can be transferred from other aspects
of the ITS Program to better design and apply tech-
nologies and services to rural settings. When this com-
pilation is complete, the program will segment user
needs according to market-based technological appli-

cations, evaluate these applications through opera-

tional tests, incorporate the needs into EDP strategies,

and devise deployment guidance in the form of a
“toolbox” for rural communities.

As the knowledge base matures, the seven critical pro-
gram areas are expected to evolve into the elements of
a comprehensive ITS infrastructure, which will help
spur and support private sector investment and market
development. Recognizing that public benefits come
only through commercialization of safe and effective
products, the program also aims to build cooperative
relations between government and industry.

In the long term, the program will focus on the
research, development, and testing of more sophisti-
cated technologies that show promise of meeting rural
needs over the next 10 to 20 years. These technologies
include advanced collision avoidance systems, the
next generation of traveler management techniques,
and automated highway concepts.
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D. Commercial Vehicle Operations

he interstate commercial motor vehicle industry

includes approximately 400,000 motor carriers,
4,000 for-hire passenger carriers, and 6.6 million com-
mercial drivers. It is a complex mix of businesses
ranging from one-truck operations to fleets with thou-
sands of vehicles and drivers that transport both goods
and passengers. On the average, interstate motor carri-
ers may deal with five or six public agencies in each
of the States in which they operate. They are legally
required to obtain numerous credentials and clear-
ances that require extensive information; approxi-
mately 225,000 of these carriers operate without a
safety rating because of the limited number of inspec-
tors available to monitor new and established carriers.

In addition, regulatory compliance entails inefficient
administrative procedures and redundant, often manual,
data entry. As a result, States cannot easily share infor-
mation, and the information that is shared is often inad-
equate. The administrative burden associated with reg-
ulatory compliance also increases labor costs for the
motor carrier industry. Compliance costs for the indus-
try (including record keeping, safety programs, and tax
filing) have been estimated to be as high as $5 billion
annually. The public sector’s costs are even greater
because of the paperwork associated with inspecting
vehicles, issuing credentials, and collecting taxes.

The CVO program, administered by FHWA’s Office
for Motor Carriers and supported by FHWA’s Office
for Research and Development, addresses all facets of
commercial operations, including vehicles, drivers,
motor carriers, and sometimes cargo. The vision of the
ITS/CVO program is to apply advanced information
and communication technologies to enhance the safe-
ty and mobility of commercial trucks and buses and
reduce the costs of regulatory compliance. The prima-
ry users of these technologies are State regulatory,
administrative, and enforcement personnel; Federal
motor carrier officials; and the motor carrier industry.

At the center of the ITS/CVO program are commercial
vehicle information systems and networks (CVISN),

which are illustrated in Exhibit III-11. CVISN will
link existing disparate and cumbersome information
systems and data bases (currently used by regulators
to obtain compliance information) and allow electron-
ic exchange of information.

Together, all these commercial vehicle information
systems and networks will become the building block
for major commercial vehicle communication and
data exchange operations, enabling more efficient
public and private sector services. CVISN will encom-
pass the systems that, among other things, permit
trucks to transmit and receive messages from the road-
side, allow vehicles to be weighed without stopping,
provide electronic screening and driver alertness man-
agement programs, and expedite international border
crossings. Safety information provided by CVISN will
be used to identify unsafe and illegal operations with-
out hindering the productivity and efficiency of safe
carriers. Motor carrier inspectors will be able to focus
their attention and scarce resources on high-risk carri-
ers. In many cases, information and operating creden-
tials will be available instantly, as opposed to within
weeks or months.

CVISN encompass six ITS/CVO user services:

» Commercial vehicle electronic clearance sys-
tems enable safe and legal carriers equipped with
transponders to pass through compliance checks at
weigh stations, border crossings, and other inspec-
tion sites without stopping repeatedly.

* Automated roadside safety inspection systems
combine safety data provided by the electronic
clearance service with other technologies to check
vehicle safety and driver alertness and fitness for
duty.

* Onboard safety monitoring technologies use
methods that are not intrusive to monitor the driver,
vehicle, and cargo and notify the driver, carrier,
and possibly enforcement personnel of any unsafe
situations, such as driver fatigue, vehicle failure,
and shifting or unbalanced cargo.
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ExHiBiT HI-11
VisioNs ofF CVISN

VisiON: SAFE AND EFFICIENT SHIPPING OPERATIONS

Automated Electronic Tag  Onboard Computer
/ i \ Mobhile C d it
Fleet & Freight obile Comm Onboard Monitors Electronic Clearance

Administration Safety Equipment Onboard Navigation

" Weigh in
Motion

Seamless
Intermodal
Operations

Internatio H
Border Electrd
Clearance

VIsiON: ELECTRONIC BUSINESS TRANSACTIONS

Standard
Electronic
Data Interchange
Transactions,
Credentials, Taxes,
Safety Records,
HAZMAT, Insurance,
Shipments,
Payments
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C Wireline Wide-Area Communications >

Carrier Base State

Canada

CVISN Core

nls 5
Shipper, Bank, Insurer,
Lessor, Service Bureau

Mexico
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* Commercial vehicle administrative processes
allow carriers to purchase credentials and to collect
and report fuel and mileage tax information elec-
tronically.

* Freight mobility systems provide communication
links between drivers, dispatchers, and intermodal
transportation providers, supplying real-time infor-
mation that allows carriers to plan and schedule
vehicle trips and routing.

* Hazardous materials incident response tech-
nologies provide emergency personnel with data
currently maintained by hazardous materials trans-
porters, including data about the cargo load,
response instructions, and emergency response
phone numbers.

PROGRAM GOALS

The mission of the CVO program is to advance high-
quality, efficient, safe, and legally compliant commer-
cial vehicle shipping and busing services throughout
North America. CVISN activities are expanding the
vision of ITS/CVO to establish a fully integrated col-
lection of motor carrier information systems. These
unified systems will support safe and seamless com-
mercial transportation throughout North America by
providing timely and easily accessible information to
authorized users. The CVO program’s three primary
goals are to improve highway safety, increase motor
carrier productivity, and streamline regulatory and
enforcement procedures.

PROGRAM ACTIVITIES

The CVO program is comprehensive and expansive; it
encompasses the large and varied information needs
of State, customs, and transportation agencies, as well
as motor carriers and operators. The activities of the
program fall into seven areas: R&D, field operational
tests, the roadside MCSAP computer systems pro-
gram, the North American Trade Automation
Prototype (NATAP), standards development, main-
streaming, and MDIs.

DISTINCTION OF TERMS

CVO are those operations and regulatory activities
associated with the commercial movement of
goods and passengers across the North American
highway system and international borders.
Operations include activities related to commercial
vehicle credentials and tax administration, roadside
operations, safety, freight and fleet management,
border crossings, and vehicle operations. ITS/CVO
are the elements of TS that support CVO, includ-
ing CVISN and other elements of ITS, such as sen-
sors and contro! technologies. CVISN are the ITS
information system elements and communication
networks that support CVO, including information
systems owned and operated by governments, car-
riers, and other stakeholders.

R&D

R&D efforts support conceptual designs of ITS/CVO
systems and services. Other feasibility studies, such as
Benefit/Cost Analysis of the ITS/CVO User Services,
address cost/benefit analysis of CVO services and
investigate supporting technologies, such as brake
inspection methods for CVO user services.
Developmental activities include inspection selection
algorithms that target higher risk vehicles and enable
carriers to obtain one-stop electronic clearance cre-
dentials from State agencies.

R&D of onboard safety monitoring systems is also
underway. Project participants are developing sensors
and diagnostics and are testing prototype electronic
systems that monitor brake performance and assess
the fitness of commercial motor vehicles for duty.

A prototype of carrier automated transaction (CAT)
software was also developed to allow carriers to
obtain credentials for registration, fuel tax, over-
size/overweight operation, and hazardous materials
transport. The CAT software runs on a personal com-
puter and allows carriers to file quarterly tax reports
and perform other routine carrier-to-State transac-
tions electronically.
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R&D is also underway in partnerships with
International Registration Plan, Inc., and International
Fuel Tax Agreement, Inc., nonprofit companies
formed by the States and managed by boards of direc-
tors who are State administrators. Through this part-
nership, R&D efforts are designing interstate
exchange capabilities in support of the CVISN archi-
tecture.

Field Operational Tests

The program has launched 12 field operational tests at
numerous locations along the Nation’s major long-
haul corridors; 3 tests are completed. The technologies
covered by operational tests include one-stop elec-
tronic clearance, automated safety inspections, haz-
ardous materials response, and international border-
crossing systems.

Advantage 1-75: Advantage 1-75 represents a multi-
state partnership of public and private sector interests
along the 1-75 corridor in Florida, Georgia, Tennessee,
Kentucky, Ohio, Michigan, and Ontario, Canada. The
project, which began in January 1991, facilitates
motor carrier operations by allowing trucks that are
equipped with transponders and properly documented
to travel any segment along the entire length of I-75 at
mainline speeds with minimal stopping at weigh/
inspection stations. Electronic clearance decisions at
downstream stations are based on truck size and
weight measurements taken upstream and on comput-
erized checking of operating credentials in each State.
Advantage 1-75 features the application of transponder
technology and decentralized control; each State
retains its constitutional and statutory authority rela-
tive to motor carriers and their operations.

One-Stop Electronic Clearance: The electronic one-
stop shopping tests bring together Help, Inc., and 14
Midwestern and Southwestern States. The program
tests different approaches to one-stop, multistate elec-
tronic purchase of credentials, registration, fuel tax,
and overdimension permits from participating base
States. Help, Inc.’s pre-pass clearance system is
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an example of an operational test that has transcended
the public sector and now operates in the private sec-
tor. Now a commercially viable venture between
10 States, the pre-clearance system uses no direct
Federal funds.

Automated Safety Inspections: The ITS/CVO pro-
gram also provides access to vehicle and driver infor-
mation and historical interstate carrier safety informa-
tion in the national Safety and Fitness Electronic
Records (SAFER) system operational test. Inspec-
tions targeted by the inspection selection system, an
integral part of SAFER, gave a 30 percent higher out-
of-service rate for drivers and a 75 percent higher out-
of-service rate for vehicles than traditional inspection
procedures.

Two operational tests are currently underway in
Minnesota/Wisconsin and Idaho that use technologies
to provide automatic, real-time out-of-service verifi-
cation at the roadside. The Wisconsin/Minnesota pro-
ject uses video identification equipment and a data
base, which contains out-of-service data on specific
vehicles. Subsequent downstream identification of
vehicles determines whether a vehicle is in violation
of an out-of-service order. The Idaho project uses AVI
tags, video-imaging analysis, and an inspection site
alarm system that is activated when an out-of-service
vehicle attempts to leave.

International Border Crossing: The ITS/CVO pro-
gram demonstrates electronic clearance, inspection,
and identification at international borders in the elec-
tronic clearance for international borders tests. The
U.S. DOT has partnered with U.S. Customs, U.S.
Immigration, U.S. Treasury, State DOTS, and private
sector stakeholders to investigate the feasibility of
applying CVO technologies to facilitate international
border crossings, which are often a source of substan-
tial delay for motor carriers. The program has
designed border-crossing systems and is conducting
operational tests of these systems at crossing points on
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'tAUTOMATED CLEARANCE SHORTENS WAITS ALONG
INTERSTATE 75

Extendmg from Mlami to Detrom Interstate 75 recelves some of the heav-

ma 'cally commumcated ahead to subsequent stations for compliance
hen the truck arrives. As the truck approaches another weigh
-the ‘transponder communicates the results of the compliance
fith :the d'river,who may be authorized to bypass the weigh station.

urrently, 4:'500 vehlcles are participating in the Advantage I-75 opera-

nd the MACS system is now |nstalled in every welgh station

L T ducmg vehicle operating costs, and increasing safety and regulato-
mphance from truckers

ke )FHWA the States of Florida, Georgia, Tennessee, Kentucky, Ohio,
ichigan; the. Province of Ontario; the Canadian Ministry of Transport;
nd,Canadlan truckmg assouatlons, and various trucking companies.

) peratronal test offers an-excellent example of how intelligent trans-
rtation technologies can be applied now—at moderate cost and with
tangfbte benef ts—-—-whlle allowing for expansion as new technologies
evelop. -

1. When a transponder-equipped truck -
begins a trip on the I-75 corridor and is
processed through a weigh station, specific
information about the truck and the
transaction (such as truck identification,
location, weight data, and axle data) is
collected and stored electronically in the
truck’s transponder.

2. As the truck continues its trip, the infor-

mation is transmitted to the next down-
stream station, which checks the truck’s
operating credentials. Upon reaching the

station, the truck’s transponder isreadbya -

roadside reader equipped with automated

vehicle identification technology. The reader’s -

computer processes the information and
makes a clearance decision.

3. If precleared, the truck is individually

directed by means of a roadside change-

able message sign to bypass the station
and continue its trip.
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southern and northern borders. The tests are underway
in Otay Mesa, CA; Nogales, AZ; Buffalo, NY; and
Detroit, MI. In addition, FHWA is demonstrating the
feasibility of electronic clearance at border crossings
in El Paso and Laredo, TX, in conjunction with the
U.S. Customs NATAP efforts.

U.S. Customs and FHWA have also conducted suc-
cessful tests of the movement of goods, southbound
via truck, from the Port of Los Angeles to the SONY
Magquiladora site; test shipments moved through the
U.S. Cargo West facility and the corresponding
Mexican Import Facility. This exercise demonstrated
many aspects of ITS/CVO technology, including the
physical, electronic, and procedural issues connected
with moving goods across the border. In addition,
Sandia Laboratory is developing an intermodal system
at Santa Teresa, NM, that could be used at all border
crossings.

Hazardous Materials Response: Using computer-
ized emergency response data, the CVO program
identifies shipments of hazardous materials, links sys-
tems that handle incidents, and facilitates responses to
accidents and incidents involving hazardous materials
in the National Institute for Environmental Renewal
test. Another project, Operation Respond, is designed
to provide an electronic link with 911 operators and
participating carriers during the initial response to
hazardous material accidents. The project is currently
being expanded to establish computerized information
systems for emergency responders and participating
railroads and motor carriers serving Mexican and
Canadian border crossings. The crucial information
provided by this innovative system will give emer-
gency responders real-time access to hazardous mate-
rials information on the scene across North America to
help with assessment of situations and to determine
appropriate actions.

Other Field Tests: The Oregon ITS/CVO Green
Light Project, which began in October 1994, aims to

1é

improve the safety and efficiency of CVO and
increase the performance of the highway system. The
project electronically verifies safety and weight infor-
mation on drivers, vehicles, and carriers from fixed and
mobile roadside sites at highway speeds. The test of
the dynamic truck speed warning for long down-
grades, located in Colorado, uses a weigh-in-motion
station to determine the weight of each truck passing
the site, disregarding vehicles under 30,000 pounds
gross vehicle weight. The test also measures vehicle
speed. The information is processed and conveyed to
variable message signs, which advise truckers of safe
speeds at downgrades.

Roadside MCSAP Computer System Program

The motor carrier safety assistance program (MCSAP)
is a federally funded program that provides grants to
States, the District of Columbia, and territories for
conducting motor carrier safety enforcement activi-
ties. MCSAP aims to reduce the number and severity
of accidents and hazardous materials incidents involv-
ing commercial motor vehicles by increasing the
detection of unsafe practices to take high-risk drivers
and vehicles off the road. As part of this program,
Congress requested that the U.S. DOT provide elec-
tronic access to carrier safety data and driver’s license
status from at least 100 MCSAP inspection sites. The
number is to be expanded to 250 sites by mid-1998.
By December 1996, the program had finished equip-
ping 200 MCSAP sites with information system tech-
nology to better target inspections, improve driver’s
license checks, and provide for electronic recording of
inspection data via pen-based computers. The
MCSAP/CVO project is linked to the SAFER system
project.

North American Trade Automation Prototype

The NATAP initiative, stewarded by the U.S. Customs
Service, promotes the use of advanced communication
technologies to facilitate the flow of commercial vehi-
cles across international borders. The prototype has
developed common data elements and processes
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incorporating electronic data interchange (EDI),
radio-frequency identification (RFID), and vehicle
roadside communication (VRC) technologies to
process commercial cargo shipment data at the
Canadian and Mexican land borders. By automating
data transmission to obtain cargo clearance, NATAP
eliminates redundant data entry for a number of U.S.
agencies and their counterparts in Mexico and Canada.
In the near future, a shipper will be able to transmit
shipment information via EDI to a value-added net-
work serving the border agencies, allowing Customs
officials to determine whether the shipper is in com-
pliance with cargo admissibility criteria while the
vehicle is still in transit. As the shipment approaches
the border, the RFID/VRC reader transmits transac-
tion identification to the Customs value-added net-
work. On arrival, the vehicle will receive a green light
if clearance is granted or a red light if data or a cargo
examination are required. Field demonstrations of
NATAP are being conducted at Detroit, Buffalo, Otay
Mesa, Nogales, El Paso, and Laredo border crossings.
FHWA/DOT has been coordinating its electronic
clearance field tests at the Canadian and Mexican land
borders with the NATAP efforts to ensure compliance
with vehicle, driver, and carrier safety and credential
requirements, while streamlining the flow of trade
traffic.

Standards Development

As part of the overall standards development program,
the U.S. DOT is establishing CVO standards, primar-
ily to support DSRC, which is necessary for electron-
ic clearance and weigh-in-motion systems, and EDI
activities. The Applied Physics Laboratory of Johns
Hopkins University is working with the American
National Standards Institute (ANSI) to develop stan-
dards for information interchange among all commer-
cial vehicle information systems and users, including
motor carrier systems, State credential systems,
national systems, roadside enforcement officers, and
commercial users (e.g., shippers, banks, and insurers).
These standards will also allow vehicles to register

Electronic clearance technologies will allow drivers to submit
credentials electronically, reducing paperwork for both motor
carriers and public agency regulators.

electronically from a personal computer. The ITS
Program is pioneering the development of standards
for DSRC, which allows wireless communication
between vehicles and the roadside, through the five
SDOs.

Mainstreaming

Thirty-three States have followed the U.S. DOT’s rec-
ommendation and formed seven regional forums to
ensure that CVO services are delivered to areas that
have the greatest trucking volumes and that services
within these areas are relatively uniform from a carri-
er’s perspective. These forums are based on seven

. major population and economic regional “trucksheds”

in New England, Southeast, Mid-Atlantic, Great
Lakes, Mississippi Valley, West, and Northwest. They
are designed to improve motor carrier operations,
build capacity, and explain the purposes, technologies,
costs, and benefits of ITS/CVO to State legislatures,
private industry, and the public. Each State that has
opted to become part of a regional forum will develop
an ITS/CVO business plan that will outline the
specifics of CVO and help States plan for ITS deploy-
ment. State ITS/CVO business plans are expected to
be completed by December 1997; regional plans
should be completed by 1998. In concert, regional
“champions” are expected to be launched by spring
1997. These champions will provide dedicated, full-
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Northwest Midwest

ExHiBIT 11I-12
LocATioN oF CVISN PROJECTS

Great Lakes

Northeast

CVISN Prototype States
Il CVISN Pilot States

Southeast

Note: The following States are included in multiple trucksheds:
Arizona, lllincis, Tennessee, Virginia, West Virginia, Wisconsin.

time support, guidance, and assistance to Federal and
State decision makers in areas of CVO.

MDI

The CVISN MDI, initiated by FHWA in cooperation
with States and government and industry associations,
will move ITS/CVO user services beyond the concep-
tual phase into operation. The CVISN pilot project
consists of an initial deployment of selected CVISN
elements in eight States and seven regional trucksheds
centered around Connecticut, Kentucky, Michigan,
Minnesota, Colorado, Washington/Oregon, and
California. Knowledge gained from CVISN proto-
types in Maryland and Virginia is helping to direct the
design of CVISN pilots. Exhibit ITI-12 identifies
States that have CVISN pilots and prototypes within
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trucksheds managed by the CVO program. Exhibits
III-13a and b illustrate the interaction among systems
and agencies in the pilot project.

The pilot sites will demonstrate the operational feasi-
bility and effectiveness of CVISN before full-scale
development. In linking automated roadside inspec-
tion, commercial vehicle administrative processes,
and electronic clearance user services, CVISN will
enable motor carriers to purchase operating creden-
tials electronically, allow inspectors to have automat-
ic access to up-to-date safety information on carriers,
and permit commercial vehicles to pass through
inspection stations at highway speeds without stop-
ping. CVISN will eventually expand to all interested
States.
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ExHiBiT HII-13A
CVISN PiLoT

State Systems CVISN Carrier Systems
Core Infrastructure
Registration Fleet Credential & Tax
Fuel Tax CDLIS Mgmt. & Rpt.
HAZMAT Credentials Fleet Administration
0S/owW IFTA Clearinghouse Fre!ght Admin. Mgmt.
SAFETYNET IRP Clearinghouse Freight HAZMAT Mgmt
MCMIS Fleet Maintenance
Electronic Clearance NMVTIS Mgmt.
Inspection SAFER
p Onboard Systems
| NLETS Shippers,
/" Banks,
| customs |} COMMERCIAL WIRELINE SERVICES ———— Insurers,
S~ & Other
P Info. Users
I Immigration

ExHiBiT 11I-13B
CVISN CoRE INFRASTRUCTURE

Commercial Driver’s License Information System (CDLIS)—a nationwide software system that
tracks the complete driver records kept by the State issuing the license.

Credentials—a project to allow motor carrier operators and owners to obtain credentials electroni-
cally at their place of business. Credentials include registration, fuel tax payment, oversize and over-
weight permits, and special trip permits.

International Fuel Tax Agreement (IFTA) Clearinghouse—a pilot data base that develops stan-
dards to support administration of fuel-use tax and processing, collection, and disbursement of the
funds.

International Registration Plan (IRP) Clearance—a pilot project to establish a clearinghouse (a
data base of vehicle registration information) and test the use of electronic exchange of information
needed for assessing fees and apportioning taxes from interstate motor carriers.

MCMIS/SAFETYNET—a system containing a comprehensive record of the safety performance of
motor carriers and hazardous materials shippers subject to Federal regulations.

National Motor Vehicle Title Information System (NMVTIS)—a system allowing users to check
the validity and status of vehicle title documents in other jurisdictions.

Safety and Fitness Electronic Records (SAFER)—a system that provides carrier, driver, or vehi-
cle safety information at the roadside through inspection selection system software. This software
allows inspection officers to target vehicles or drivers selected for inspection, using pen-based com-
puter systems.
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TECHNICAL LESSONS

CVO technologies and services have succeeded in
developing a system to streamline the regulatory
enforcement process by increasing access to informa-
tion. Electronic weigh-in-motion, AVI, and EDI have
been proven technically feasible. Integrating these
technologies has enabled electronic purchasing of cre-
dentials, automated clearances, and screening of vehi-
cles, drivers, and carriers for safety compliance.
Exhibit ITI-14 highlights technical lessons learned.

Many technologies used by CVO systems are rooted in
other ITS areas. An operational test of a CVO dynamic
truck-speed warning system showed the positive safety
effects of variable message signs that recommended a
safe speed to truckers traveling on a downgrade. These
signs are usually considered part of freeway manage-
ment technology. Similarly, AVI and AVL technologies,
which are integral to transit management, are also
essential to commercial vehicle electronic clearance, a
major category of interest to the CVO program.
Eventually, CVO systems will be fully integrated and
interoperable with metropolitan and rural ITS, which
will enable the development of new services.

BENEFITS

CVO applications have brought numerous benefits to
both regulators and private industry. The American
Trucking Association’s Foundation’s June 1996
report, Benefit/Cost Analysis of the ITS/CVO User
Services, quantifies the benefits of deploying user ser-
vices from the carrier’s perspective and identifies crit-
ical market acceptance factors. The benefits and costs
vary by size of carrier and user service, but the indus-
try estimates that CVO user services can produce
compelling benefits, including considerable time sav-
ings and reduced labor costs for carriers. Public sector
officials will realize significant savings in processing
paperwork. In fact, as electronic exchange of creden-
tials and permits becomes the state of the practice,
those carriers that remain with manual operations will
lack a competitive advantage. Exhibit III-15 shows
examples of ITS/CVO benefits.

Public sector benefits from CVO are also impressive.
A recent study completed for the U.S. DOT found that
the adoption of ITS/CVO services by the public sector
has a 2:1 benefit-cost ratio. Public sector benefits
include enhanced administrative efficiency, reduced

ExHiBiT 1lI-14
SYNoPsIs OF ITS/CVO TecHNICAL LESSONS LEARNED

« Deployment of nearly all CVO services is technically feasible; weigh-in-motion, AVI, EDI, and
wireless communication can meet user needs.

« CVISN will fulfill two needs for CVO services. First, CVISN will address the need for national
clearinghouses that can distribute data or refer inquiries to other locations. Second, CVISN will
meet the need for systems that can integrate multiple technologies and operate in real time.

« R&D efforts developed an inspection selection algorithm that targets higher risk vehicles and
enables carriers to obtain one-stop electronic clearance credentials from State agencies.

« EDI and DSRC are key standards for ITS/CVO.

Al
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infrastructure investment, expanded revenues from
increased compliance, reduced damage to highways,
and improved public safety. For example, an informa-
tion network in Oregon increased the number of
weighings and safety inspections by 90 and 428 per-
cent, respectively, between 1980 and 1989, although
staff size increased by only 23 percent. ITS/CVO tech-
nologies are predicted to reduce the annual cost of
hazardous material incidents by $1.7 million per State;
deter tax evasion, saving between $500,000 to $1.8
million per State; and reduce the operating costs of
each weigh station by up to $160,000. Other ITS/CVO
benefits are documented in Review of ITS Benefits:
Emerging Successes.

The vast number of carriers, agencies, and systems
involved in the operation of commercial vehicles
makes CVO systems inherently complex. Historically,
the organizations that regulate CVO have had no
medium for communication and interaction. CVISN
will bring these diverse agencies, organizations, sys-
tems, and networks together under one umbrella. In a
single State, for example, CVISN will assemble all
the agencies (e.g., police, department of motor vehi-
cles, regulatory agencies, treasury) that deal with the
information necessary for a truck to operate in that
State and will provide a common environment in
which the agencies can interact and exchange infor-
mation freely. When applied to all the agencies that
address commercial vehicles throughout the 50
States, CVISN will help revolutionize commercial
operations and will be the guiding force that brings
these separate and historically incompatible agencies
together for the first time.

INSTITUTIONAL IssUEs AND USER
ACCEPTANCE

The major challenges facing future CVO deployment
are institutional, as opposed to technical. Coordination
and consensus among 49 States—with 4 to 5 agencies
per State, 400,000 carriers, and 6.6 million drivers—
create a significant challenge to the development of
data and information systems. Interstate coordination in

the development of standards and the operation of CVO
systems is essential to the success of the program.

The ITS/CVO program calls for coordinating a variety
of Federal and State regulatory requirements (e.g.,
registration, fuel-use tax reporting, operating authori-
ty, and safety performance record keeping); however,
the program is not mandated. Only if the private sec-
tor perceives that CVO systems are cost-effective will
it participate. It is, therefore, imperative that the par-
ticipants agree on a specific set of uniform policies
and procedures. The program recognized early on that
overcoming barriers to cooperative planning and
implementation would encourage the development of
ITS/CVO. The CVO institutional studies were instru-
mental in getting States to think about new working
relationships in the early stages of the program.

Public-private partnerships are the foundation on
which the CVO program is built. Many private com-
mercial vehicle operators have sophisticated tracking
and identification capabilities. These advanced prod-
ucts will affect the specific choices that the U.S. DOT
makes in setting requirements and settling on stan-
dards. The program must pursue maximum interoper-
ability with private sector systems and must be able to
benefit from the experience that private sector opera-
tors have had with these systems.

As CVO applications move from research and opera-
tional testing into deployment, traditional methods of
highway infrastructure financing may become a barri-
er to procuring advanced technologies and funding
from the Federal Government. Federal aid is tradition-
ally used for construction and signal systems, not for
development of motor carrier information or clearance
systems. Because some CVO technologies, such as
video imaging, are expensive and because traditional
highway infrastructures use standard methods for
identifying and securing funding, deployment of
ITS/CVO is likely to face significant barriers in the
absence of Federal incentives and funding. In addi-
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ExHiBiT HlI-15
BENEFITS OF ITS/CVO

benefits at least equal to the costs of participating from
automated administrative processes.

A 1994 report estimates a benefit/cost ratio of 7.9:1 for
“one-stop/no-stop shopping” systems.

ITS/CVO Element Benefits Source
Commercial Vehicle The American Trucking Association's Foundation AT A Foundation,
Administrative estimates medium-sized motor carriers will realize a Assessment of Intelligent
Processes benefit/cost ratio of 4.2:1, large-sized carriers will realize a | Transportation

benefit/cost ratio of 19.8:1, and small carriers will realize Systems/Commercial

Vehicle Operations User
Services: ITS/CVO
Qualitative Benefit/Cost
Analysis, prepared for
FHWA, June 1996.

Mitretek Systems,
Assessment of ITS
Benefits: Emerging
Successes, prepared for
FHWA, September 1996

Electronic Clearance

An early information network in Oregon enabled an
increase of 90% in the number of weighings and 428% in
the number of safety inspections between 1980 and 1989,
despite the fact that staff increased by only 23%.

The HELP/Crescent project estimated that operating costs
of a weigh station could be reduced up to $160,000
annually per State.

Electronic clearance can reduce labor costs for carriers
that pay drivers based on time worked. The benefit/cost
ratios are: 3.3:1 to 6.5:1 for small carriers, 3.7:1 to 7.4:1
for medium-sized carriers, and 1.9:1 to 3.8:1 for large
carriers.

Ibid.

ATA Foundation

ATA Foundation

Automated Roadside
Safety Inspections

The benefit/cost ratio of such programs as MCSAP is
estimated at 2.5:1 and the reduction in accidents is
estimated to be 2,400 to 3,500 annually.

The HELP/Crescent project estimated that automated
safety inspections could save $156,000 to $781,000 in
costs of avoided accidents annually per State.

A 1994 U.S. DOT report estimates that the benefit/cost
ratio to the Government is 5.4:1 for automated roadside
inspections.

ATA Foundation

Mitretek Systems

Mitretek Systems

On-Board Safety
Monitoring

Onboard safety systems, along with electronic clearance
and automated roadside safety inspections, could reduce
fatalities by 14 to 32%.

Mitretek Systems
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ExHiBIT 1lI-15 (CONT.)
BENEFITS OF ITS/CVO

ITS/CVO Element

Benefits Source

Incident Response

Hazardous Materials o  The ability to identify hazardous cargo on vehicles
involved in crashes can reduce the risk of loss of life to
those involved in the crash, the emergency response team,
and people living and working near the crash scene by
reducing the time needed to properly handle the material.

Mitretek Systems

the 10 to 20% range.

telephone use by 60%.

e The HELP/Crescent project estimated that the impact of | Mitretek Systems
hazardous material incidents could be reduced by
$1.7 million annually per State.
Freight Mobility e Carriers that use computer-aided dispatch systems Mitretek Systems

achieved productivity gains from an increase in the
number of pickups and deliveries per truck per day ranging
from 5% to more than 25%. Most gains were clustered in

e Vehicle tracking and mapping software allowed a national | Mitretek Systems
carrier to double dispatch productivity and reduce

tion, funding for the operation and maintenance of
deployed systems is a major issue facing the States.
ISTEA funds have only been used for research, insti-
tutional issue studies, pre-deployment, and testing of
emergency technologies. The use of Federal-aid funds
for CVO operations and maintenance costs must be
explored.

A study on the acceptance of CVO services by inter-
state truck and bus drivers found that commercial
vehicle drivers are generally receptive to and support-
ive of these services. Some drivers do express concern
that certain technologies may invade privacy, and they
caution against allowing systems to diminish the role
of the human operator. Driver characteristics played
an important role in reaction to CVO technologies.
Older, more experienced, owner-operator truck drivers
are more wary of the technologies; whereas younger,
less experienced, company-employed drivers who
reported spending more time on administrative proce-
dures are more positive about the increased efficien-
cies promised by the new technologies. These findings
are documented in a study by Penn and Schoen

Associates, Inc., Critical Issues Relating to Acceptance
of CVO Services by Interstate Truck and Bus Drivers.

FUTURE DIRECTIONS

The vision for the CVO program is that, by the year
2005, carriers will apply and pay for credentials,
including registration and permits, electronically.
They will also file and pay for fuel taxes electronical-
ly and will deal with one base State for all business
transactions, which will simplify carrier administra-
tion by distributing fees or taxes to other States. By
building new institutions, the CVISN infrastructure
will allow all these agencies access to the information
necessary to make the commercial vehicle industry
more efficient and safe. The development and deploy-
ment of information-driven systems and processes for
assessing safety performance and fitness, such as
SAFER, will greatly improve overall roadway safety
conditions and save lives.

The development of the CVISN architecture has par-
alleled the efforts of the national ITS architecture pro-
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gram since 1994, and the two are currently being
aligned. When it is complete, the CVISN architecture
will provide a technical framework and direction for
CVISN activities. Formal standards will be finalized,
and the capabilities of a prototype will be demonstrat-
ed in the Johns Hopkins University/Applied Physics
Laboratory. The CVO program is vigorously pursuing
onboard safety monitoring, using sensors to monitor
critical vehicle and driver performance attributes, and
developing national and international standards for
hardware, communications, and procedures. In addi-
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tion, because motor carrier operations are intermodal,
ITS/CVO systems will ultimately need to be compati-
ble with cargo systems used in rail, air, and marine
transportation throughout North America. Closer
coordination with officials from Canada and Mexico
is necessary to ensure that developing systems are
compatible and reciprocal. The program also expects
to initiate a clearinghouse to disseminate information
on CVO activities. CVISN will serve as the infra-
structure that ties these systems together.
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E. Advanced Collision Avoidance and

M ore than 6 million motor vehicle collisions occur
on the Nation’s highways every year, causing
approximately 5.2 million injuries and more than
41,000 fatalities and costing more than $150 billion
per year. Approximately three-quarters of these colli-
sions occur because the driver’s attention was divert-
ed in the moments before collision.

NHTSA is responsible for understanding the causes of
highway collisions and resulting deaths and injuries
and for seeking solutions. NHTSA has continued this
role within the national ITS Program, investigating
why collisions occur and how the use of intelligent
technologies can prevent them. Dramatic advances in
sensing technologies and computational power now
offer a real possibility for the development of in-vehi-
cle systems that can alert drivers—through effective
and practical in-vehicle electronic driver aids and
warning systems—to hazardous situations and
impending collisions, and even take temporary control
of the vehicle to avoid a collision. Other innovations
could monitor driver alertness, improve a driver’s
effective vision, and automatically call for emergency
services immediately after a collision.

NHTSA’s advanced collision avoidance and vehicle
safety systems program seeks to deepen our under-
standing of the causes of collisions, identify and eval-
uate potential solutions, and work in partnership with
industry to facilitate development and deployment of
effective collision avoidance products. The program
includes projects in these areas of concentration:

» Specific crash types, including rear-end, intersec-
tion, road departure, lane change or merge, and
heavy vehicle stability.

» Driver performance enhancement, which includes
combating drowsiness and enhancing vision.

» Crash consequences mitigation, particularly auto-
matic collision notification.

Vehicle Safety Systems

PrROGRAM GOALS

The goal of the crash avoidance and vehicle safety
system program is to significantly reduce deaths and
injuries on the Nation’s highways and roads by pre-
venting collisions. One essential objective of the pro-
gram is to develop performance specifications for in-
vehicle collision avoidance systems and other systems
that enhance driving safety.

For each area of concentration, NHTSA is assessing
system capability, user acceptance, and benefits of
potential countermeasure systems. Capability refers to
the technical performance of the systems and compo-
nents—sensors, processors, and driver interface or
controls. User acceptance addresses the interaction
between drivers and technology, including ease of use,
effects on driver performance, and affordability. The
primary benefits of these efforts are reductions in the
number of collisions and their associated injuries and
Costs.

PROGRAM ACTIVITIES

In 1991, NHTSA launched a major new initiative to
improve the collision avoidance capabilities of motor
vehicles. Aware that widespread deployment of effec-
tive collision warning technologies was a decade or
more away, NHTSA laid out a strategic plan to facili-
tate development and early deployment of safety-
related electronic systems. NHTSA has made signifi-
cant progress, gathering extensive accident informa-
tion and using it to identify opportunities for crash
avoidance to guide concept development. Important
human factor and system design issues remain a major
focus of study. NHTSA has also developed prelimi-
nary performance specifications to ensure that prod-
ucts in development will be effective.

A number of joint efforts for research and technology
assessment have been completed or are well underway
with motor vehicle industry partners. New research
tools are being developed that will significantly
enhance capabilities for analyzing and evaluating
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THE VISION oF ADVANCED COLLISION AVOIDANCE
AND VEHICLE SAFETY SYSTEMS

The future driver-vehicle highway environment could be trans-
formed by a wide variety of safety innovations to supplement
drivers’ efforts to drive safely. Among the systems envisioned
are new products that will monitor the driver’s state of fitness,

continuously enhance driver awareness, warn of potential dan-.

ger; intervene and assist with emergency control if a crash is

imminent, and perhaps even automate some or all aspects of

driving on specialized roadways.

The next-generation cruise control system, for example, will
automatically maintain a safe distance from vehicles ahead,

- greatly reducing the threat of rear-end collisons. With a lane-
tracking system, onboard electronics can help alert and pre-f
vent a driver from drifting into the next lane or leaving the road-
way. A cooperative intersection will communicate data on -

traffic signals and oncoming vehicles that might conflict with the
driver’s path, reducing the risk of intersection collisions.

" Nighttime and bad weather vision enhancement sys-
tems will make indistinct vehicles and hazards near the vehicle -
easier to see. When a crash does occur, automated collision”

~ notification systems will alert medical and other emergency
service personnel to the location and severity of the crash, per--
haps even supplying driver medical history and current condi- -
tion of injury through a combination of smart card technoiogy

and sensors.

To meet the special safety needs of commercial and heavy vehi-
| cles, driver-monitoring systems are being studied that can

continuously assess driver performance and alertness, warn dri--
vers of degraded performance, and perhaps work with control -

technologies to momentarily take over driving tasks if the dri-

ver becomes drowsy or inattentive. Other technologies will -

help stabilize heavy vehicles, warn of impending collmons, and
improve braking performance. :

-Collision avoidance systems will also be able to communicate

with other vehicles and roadside devices and will assist the dri--

ver through visual, audio, and tactile presentations, as well as
through supplementary control.

Research into many safety-related advanced ITS pi’odu’cts is

being coordinated with AHS research, particularly for products:

that would promote smoother traffic flow on busy roadways.
ITS safety technologies supplement the more traditional pro-
gram activities that have already served to prevent or reduce
" the severity of vehicle collisions. ‘
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technical performance of crash avoidance coun-
termeasures and estimating their real-world
operational benefits.

Performance Specifications

The heart of the ITS collision avoidance pro-
gram is the development of performance speci-
fications for systems that can assist drivers in
avoiding collisions. The ITS Program is work-
ing cooperatively with the motor vehicle indus-
try to develop performance guidelines that are
clear, concise, and consistent.

Preliminary performance specifications, which
were developed initially through analysis of data
from NHTSA accident files, assessment of causal
factors, and data generated by driving simulators,
are being refined and updated using results from
technology studies, ongoing or planned simulator
studies, test vehicle projects, and field opera-
tional test activities. Exhibit III-16 summarizes
the preliminary performance specifications
developed so far for the sensing elements of five
types of collision avoidance systems. The speci-
fications reveal the complexity of developing
crash avoidance technologies. NHTSA and ITS
America jointly sponsored a peer review work-
shop as a forum for sharing these preliminary
results with interested individuals and organiza-
tions. Feedback from this workshop has helped
guide the program’s activities.

Human Factors and System Design

NHTSA has completed a wide array of studies
that reveal important information and character-
istics about driver behavior and system design.
These studies act as the foundation for develop-
ing and evaluating crash avoidance concepts as
products are brought to market.

Two studies addressed potential health or safety
hazards from the use of active collision avoid-
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ExHiBIT 1II-16
PRELIMINARY PERFORMANCE SPECIFICATIONS FOR SENSING ELEMENTS

Type of Collision Avoidance System
Specification
Rear-End Lane Change Backing Intersection Road Departure
Type of Sensor Beam Multibeam 'of TBD TBD TBD TBD
scanned object
Horizontal Field of Regard | +/- 8 degrees | 90 degrees “\iﬁf}l l(::f + /- 110 degrees NA
Horizontal Angular
NA
Resolution 1.6 degrees TBD TBD TBD
Acquisition Range > 400 ft 80 ft 13 ft 300 ft TBD
Range Accuracy +/-21t +/-2ft TBD TBD TBD
Range Rate Accuracy +/-1fusec | +/-5ft/sec TBD +/-1ft/sec TBD
iubject Vehicle Speed +/-1 ft/sec TBD TBD +/-1 ft/sec +/ -4 ft/sec
ccuracy

Accuracy of Lateral
Position NA +/-2ft TBD TBD +7-0.1ft
Minimum Radius of
Curvature That Can Be TBD TBD TBD TBD 200 ft
Accommodated

TBD = To be determined
NA = Not applicable

ance sensors. One reviewed the physiological basis for
current standards addressing the health effects of non-
ionizing electromagnetic radiation. The second study
developed a computer model to estimate field strength
in the vicinity of one or more radiation sources.

An assessment of the vehicle crash experiences of
older drivers revealed that older drivers are under-rep-
resented in crashes and fatalities relative to their num-
ber in the U.S. population, but their per-mile and fatal-
ity rates are higher than those for other driver groups.
A separate study is addressing the concept of a vehi-
cle-based device to unobtrusively monitor driver per-
formance and, potentially, psychophysiological status.

Feasibility Studies

A key objective of the crash avoidance program is to
work with private industry to develop safe and effec-
tive products. Nine cooperative agreements with
industry have been used to develop and test systems
for crash avoidance, heavy commercial vehicles, lane-
position detection, and intelligent cruise control.

For example, the program completed a feasibility
study of automatic braking for heavy vehicles. The
project identified design requirements to accomplish
assisted braking by modifying existing antilock
brake/traction control system components. The study
also investigated costs and benefits of potential acci-
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ExHiBiT HI-17

PuBLIC-PRIVATE PARTNERSHIP AGREEMENTS FOR
CRASH AVOIDANCE SYSTEMS

Company

Agreement

Status

Ford Motor Company

Establish guidelines for key intelligent cruise
control operational and interface designs.

Completed baseline testing of car,
following performance of drivers and an
experiment to determine location and
labeling of headway controls that drivers
prefer and understand.

Environmental
Research Institute of
Michigan and TRW

Develop a knowledge base of radar data from
laboratory measurements and a variety of
freeway settings, using a prototype forward-
looking automotive radar sensor.

Lab testing is completed, and an advanced
sensor is being integrated for road testing.

Delco Electronics/
General Motors

Refine existing collision avoidance technologies,
accelerate development of promising immature
technologies, and investigate the preferred
method of providing warning cues to the driver.

Significant progress has been made on
development of reliable and low-cost
sensors that can be manufactured (such as
forward-looking radar sensors) and on a
high-performance heads-up display.

Eaton Conduct a feasibility study for adding automatic | Prototype demonstrated in July 1995; final
braking to heavy commercial vehicles. report published in December 1996.

Rockwell Conduct a 2-year field evaluation of a prototype | Testing complete; final report delivered in
machine-vision lane-detection sensor. October 1996.

University of Michigan | Study the performance of intelligent cruise Completed second year of a 3-year

Transportation control systems and determine how performance | cooperative agreement.

Research Institute and
Leica

can be extended to foster the development,
evaluation, and deployment of forward crash
avoidance systems.

University of Michigan
Transportation
Research Institute
(UMTRI)

Develop a prototype roll stability adviser as a
rollover warning system for tractor-trailers to
provide the driver with information on the
vehicle's rollover threshold. Develop a rearward
amplification suppression system for double-
and triple-trailer trucks to prevent rear trailer
rollovers, using a differential braking strategy to
enhance vehicle stability.

The first trailer, equipped with an
electronic braking system, and the tractor
have been delivered to UMTRI. Vehicle
parameter measurements are underway
and instrumented fifth-wheel issues are
being resolved.

Delco Electronics and

Develop, evaluate, and demonstrate

First unit delivered for 1 year of in-service

Ryder Trucks communication and powering links between the | evaluation in commercial service. Second
tractor and trailer for heavy-duty commercial unit was delivered in March 1997 for a
vehicles. year of evaluation in commercial service.

Eaton/Paccar Develop, evaluate, and demonstrate Prototype demonstrated in August 1996;

communication and powering links between the
tractor and trailer for heavy-duty commercial
vehicles.

draft final report is being reviewed.
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dent reductions and examined how to provide an early
indication of driver reaction to assisted braking under
controlled conditions. Exhibit ITI-17 lists the status of
the nine agreements.

Research Tools

NHTSA is developing a set of research tools that will
allow investigators to monitor, record, and measure
driver behaviors without jeopardizing the safety of test
subjects. The tools are listed in Exhibit III-18. The
tools will be used to improve the level of understand-
ing of driver performance, both with and without the
assistance of collision avoidance systems.

TECHNICAL LESSONS

The collision avoidance program moved from con-
ducting purely technical R&D to initiating field tests
of products that have commercial potential and poten-
tial for improving safety. The technologies that are on
the brink of entering the market are intelligent cruise
control and automated collision notification.

Many of the technologies used in crash avoidance sys-
tems—radar detection, heads-up display, location ref-
erencing—have been used in the defense industry for
decades; however, transferring these technologies
from military applications to the driving environment
has been difficult. First, the driving environment is

ExHiBiT 111-18

NHTSA ReESEARCH TOOLS

Tool

Description

Status

Data Acquisition System for Crash
Avoidance (DASCAR)

A portable, onboard, data-gathering
system that can monitor and record
vehicle performance and the driver's
physical reactions.

Evaluation of a DASCAR system
was completed, and application in a
study of lane-change maneuvers has
begun.

National Advanced Driving
Simulator (NADS)

An advanced driving simulator that
will allow risk-free controlled
studies of operator behavior in
crash-imminent situations.

A contract was awarded for Phase II
design, construction, testing, and
installation of the NADS. The
simulator is expected to be
completed by 1999.

System for Assessing the Vehicle
Motion Environment (SAVME)

A roadside measurement system to
assess the movement of vehicles in
real traffic.

Preliminary designs are currently
undergoing full-scale testing.

Variable-Dynamics Test Vehicle
(VDTV)

A test vehicle with computer control
of throttle, brake, and steering that
can help determine how drivers will
react to various proposed ITS crash
avoidance designs.

An agreement has been signed with
the Jet Propulsion Laboratory of the
California Institute of Technology
for design and construction of a
VDTV. It is expected to be
operational in mid-1998.
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ExHiBiT HHI-19
SYNOPSIS OF COLLISION AVOIDANCE SYSTEMS
TECHNICAL LESSONS LEARNED

Heads-Up
Display

Audio Warning System

Crash Avoidance
Processor

Laser
Radar (o0

=Y A

|Vehic|e Data Interface I

Microwave Radar

Collision avoidance systems will alert drivers to hazardous situations and impending collisions and even
take temporary control of the vehicle to avoid a collision. Other innovations could monitor driver alert-
ness, improve a driver’s effective vision, and automatically call for emergency services immediately after
a collision. We have learned much about technical issues, including:

Statistical analysis of accident files determined that 75 percent of crashes result from driver error.

Program research has increased our preliminary understanding of the performance features needed for
effective collision avoidance systems.

It is difficult for existing technologies to meet all performance requirements at prices acceptable to con-
sumers.

The FCC has set aside radio frequency spectrum and specified power limits for collision avoidance sys-
tems. FCC spectrum designation is a significant step toward commercialization of advanced crash
avoidance technologies.

A knowledge base of human factors has been established and continues to be developed. The focus is
on understanding driver behavior in collision avoidance situations, developing a better understanding
of the relationship between characteristics of driver interfaces and driver performance, and determin-
ing the effects of new technologies on driver capabilities and workload.

Preliminary performance specifications have been developed for several collision avoidance systems.
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complex; varying patterns of driver and traffic behav-
ior, uneven road conditions, changing weather, and
other variables must all be taken into account. Second,
the technologies must be re-engineered for mass pro-
duction and made for much less cost to be marketable
as standard or optional equipment on motor vehicles.
One of the challenges that remains for the program is
to bring the cost requirements for these technologies
within an acceptable consumer range while maintain-
ing sufficient performance.

Despite these challenges, a growing array of technolo-
gies is becoming available or in development as
potential countermeasure systems for various crash
types. Recent advances in sensors, processors, control
systems, and displays now allow for the design of
crash avoidance systems that offer increased perfor-
mance, reduced cost, and high reliability. Although
research and analysis have provided a preliminary
understanding of the performance features needed for
effective collision avoidance systems, it will be a chal-
lenge to develop technologies that can meet all the per-
formance requirements at prices acceptable to con-
sumers. Exhibit I1I-19 summarizes technical lessons
learned thus far in the collision avoidance program.

BENEFITS

NHTSA estimates that 1.1 million crashes could be
prevented annually if all vehicles were equipped with
just three of the primary ITS crash avoidance sys-
tems—rear-end, roadway departure, and lane change/
merge. This represents 17 percent of all accidents,
which if prevented could save thousands of lives and
$26 billion per year. Exhibit ITI-20 shows estimates of
crash countermeasure system effectiveness and the
number of avoided crashes. These estimates are based
on the number of annual crashes in the United States
and the best research available on operation of colli-
sion avoidance systems. Many assumptions were
made to develop these results; thus, they must be con-
sidered preliminary, pending further research and field
experience.

Although benefits are expected from crash avoidance
technologies, field experience on which to base esti-
mates of benefits is not available. Estimates of system
performance must also consider the number and types
of collisions that will be avoided, as well as negative
performance factors, such as erroneous warnings, that
could reduce expected benefits.

INSTITUTIONAL ISSUES AND USER
ACCEPTANCE

Developing public-private collaboration on infrastruc-
ture-based safety is another key issue. The operational
and funding responsibilities of public and private part-
ners must be determined for deploying such systems
as intersection crash avoidance systems, weather-
based systems, and systems that warn drivers of
upcoming hazards.

Performance, consumer cost, and perceived value and
acceptability to drivers will determine user acceptance
of collision avoidance systems. Together, these factors
will directly influence the ability to deploy new colli-
sion avoidance products in motor vehicles. Successful
integration of all in-vehicle technologies in a manner
that is acceptable to drivers and supports travel needs
may help overcome some of these obstacles.

The acceptability of a system to a driver also depends
on whether the driver perceives the benefits obtained
from the system to be greater than its costs. “Costs”
can include the initial cost of the system and mainte-
nance costs as well as such intangibles as the annoy-
ance caused by systems that prove to be unreliable, dif-
ficult to understand, or in need of frequent attention.
The private sector anticipates a profitable market for
advanced crash avoidance technologies, despite the
current need for breakthroughs in cost effectiveness
and affordability.

FUTURE DIRECTIONS

The strategic goals of the program for the next 5 to 10
years are to demonstrate improved capability of colli-
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ExHiBiT 11-20

EsTIMATED BENEFITS FROM CRASH COUNTERMEASURES

Total Number of Relevant Crashes Effectiveness Number of
Crash Condition Crashes Addressed by Estimates for Crashes Reduced
Countermeasures Relevant Crashes

Rear-End 1,660,000 1,547,000 51.1% 791,000
Lane-Change/ 244,000 190,000 47.6% 90,000
Merge

Road Departure 1,238,000 458,000 64.9% 297,000
Totals 3,142,000 2,195,000 1,178,000

sion avoidance systems, to ensure that systems are
both effective and usable to consumers, and to provide
a basis for understanding the benefits of the systems
(i.e., avoidance or reduction of collisions, injuries, and
fatalities). In each area, projects will evolve from a
rudimentary understanding to refinements that provide
a more rigorous and defensible knowledge base.

Starting in 1997, there will be a major shift in the char-
acter of the projects. Strictly focused research projects
will lead to projects that address the larger issues of
system capability, usability, and benefits. This shift in
focus recognizes that effective collision avoidance
systems will be made available to consumers if the
motor vehicle industry is convinced that these products
will be successful in the marketplace. Consequently,
NHTSA will intensify outreach activities to increase
public awareness of the capabilities and benefits of
crash avoidance products. Operational tests and
demonstrations of crash avoidance systems will be tai-
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lored to provide broad exposure of these systems to the
driving public.

To date, the crash avoidance program has evaluated
how individual crash avoidance technologies could
affect drivers and safety. The program is also investi-
gating how to integrate multiple technologies. This
integration will require knowledge of how multiple
technologies can function together, as well as their
combined impact on safety performance. These inte-
grated systems will incorporate and build on other in-
vehicle capabilities, such as route guidance, which
may enhance the performance of crash avoidance sys-
tems, even though they are not directly related to solv-
ing safety problems. The development of an in-vehicle
data bus, which can transfer information from sensor,
computational, driver interface, and control elements,
has the potential of helping to reduce costs of colli-
sion-warning devices.
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ExHiBiT HH1-21
LEVELS OF UNDERSTANDING TO MEET PROGRAM OBJECTIVES

Objective

Level of Understanding

Rudimentary

Improved

Full

Evaluating
Capabilities

Expressed in terms of
subsystem performance.
Based on models,
literature review, and
limited testing.

Expressed as a mixture of
objective test procedures for
sensors and subsystem
performance for computational
element and driver interface for
all driving situations in which
warning is needed. User
acceptance factors are also
considered.

Expressed as objective test
procedures and criteria on
system performance for all
pertinent driving situations,
including those that require a
warning and those for which a
warning should not be issued.
Based on track tests, VDTV,
and available driving simulator
data.

Measuring
User Acceptance

General relationship
between measures of
performance and benefits.
Performance measures
include alarm accuracy,
workload, and cost.
Based on limited focus
groups, questionnaires,
interviews, and generic
testing.

Understanding of acceptance
for specific systems based on
simulator and test track data.

Based on operational tests;
inctudes consideration of
workload in conjunction with
other systems.

Assessing Benefits

Based on computer
models and minimal
experimental data. Relies
on general descriptions of
system capability.
Assumes no risk
compensation, full
utilization, etc.

Based on baseline data from
DASCAR or SAVME and
experimental data from
simulators for some
subdivisions of collision type.
No consideration of user
acceptance effects.

Based on baseline data and
countermeasure performance
data from simulators, test
track, and operational tests for
each collision type. Includes
consideration of user
acceptance effects, risk
compensation, confidence
bounds on statistical data
elements, and changes in
severity of collisions that
occur.
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A full understanding of potential benefits is a major
research goal of each crash avoidance program area.
In some cases, these goals will not be easy to achieve
in the immediate future. For example, in providing for
pedestrian safety near school buses, we may never
have an experimental basis for estimating benefits;
therefore, the program may focus on improving
understanding of user acceptance. The program plan
hopes to achieve the goals in the shortest possible time
frame. Progress in achieving these objectives is mea-
sured by the levels of understanding reached—rudi-
mentary, improved, and full. The definitions of these
levels are presented in Exhibit III-21.
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One other area in which we lack full understanding is
the relationship between collision avoidance systems
and an AHS. The common link between the two pro-
grams is the organization of systems that enable both
services. Collision avoidance systems and an AHS
will both consist of three subsystems: the sensor, the
computational element, and the driver interface. It is
generally accepted that the final AHS concept will rely
heavily on vehicle-based intelligence systems, includ-
ing collision avoidance systems. After the final AHS
concept is selected, it will be possible to determine the
most appropriate areas for coordination and comple-
mentary work.
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he AHS concept defines a new relationship

between vehicles and the highway infrastructure.
AHS will use control technologies to shift driving
functions from the operator to the vehicle and com-
munication technologies to recognize and react to the
external infrastructure’s real-time traffic conditions. A
fully deployed AHS will be capable of a level of per-
formance and service that is a generation beyond other
ITS services: it can double or triple the efficiency of
today’s most congested highway lanes while signifi-
cantly increasing safety and trip quality. The promise
of AHS is an expansion of

I1I. ITS PROGRAM DETAIL

F. Automated Highway System

The AHS concept combines onboard vehicle intelli-
gence with a range of intelligent technologies instalted
onto the existing highway infrastructure. Vehicle intel-
ligence builds on the technologies of advanced vehicle
collision avoidance and safety systems, which are
designed to monitor the driving environment and alert
the driver to potential dangers. AHS will use these
technologies to broadcast vehicle data to the environ-
ment (i.e., other vehicles and roadside system compo-
nents, such as beacons) and to receive further infor-
mation that assists in vehicle control.

the safety benefits of
advanced collision avoid-
ance systems and a major
performance gain in flow
capacity compared with
today’s highways traveled
by conventional vehicles.
One participant in the AHS
design process called AHS
the “ultimate embodiment
of ITS.”

A fully deployed AHS will be capable of a
level of performance and service that
is a generation beyond other ITS services:
it can double or triple the efficiency
of today’s most congested highway lanes
while significantly increasing safety and
trip quality.

The automobile is becom-
ing smarter with every new
model year. Even now,
intelligent cruise control
systems are on the market
in some countries, which
maintain a driver-selected
speed, yet slow down
when the onboard radar
system senses a slower

In response to the opportunity to improve safety and
efficiency, ISTEA mandated an AHS program by
requiring U.S. DOT to “develop an automated high-
way and vehicle prototype from which future fully
automated intelligent vehicle-highway systems can be
developed. Such development shall include research
in human factors to ensure the success of the man-
machine relationship. The goal of this program is to
have the first fully automated roadway or test track in
operation by 1997.”

The AHS mandate was made feasible by the “technol-
ogy push” of the late 1980’s, during which new and
advanced technologies enabled more powerful infor-
mation-sensing and processing capabilities. This push
and the “market pull” of roadway congestion provided
the impetus for the development of automated high-
way concepts.

vehicle ahead. These sys-
tems are being readied for
U.S. introduction by vehicle manufacturers. With
time, greater capability will be added as car buyers
find these driving aids useful. If, however, these
advances are left to unpredictable market-driven
processes, they will take several decades to reach full
application. If, instead, the process is accelerated and
actively managed, significant safety and efficiency
benefits can result much sooner. The AHS concept
might progress as follows: Initial implementation
builds on collision warning and avoidance systems to
provide driver assistance safety systems (“copilots”)
that do not rely on infrastructure support. As highways
are gradually equipped with AHS technology, vehicle-
highway communication and coordination enable
smoother traffic flow. As both vehicles and highways
are enhanced over time, the combined systems per-
form at ever greater levels, giving transportation agen-
cies a powerful tool for addressing safety and conges-
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tion problems. The need to accelerate this integration
of the vehicle and the highway to increase perfor-
mance of existing infrastructure is all the more urgent
given the difficult and sometimes impossible prospect
of building more highway lanes.

AHS development will be a long-term, multiphase
process. This incremental approach will ensure that
the right technologies are optimized, drivers will be
allowed to become comfortable with increasingly
capable in-vehicle technologies, driver and industry
concerns are addressed, and concurrent upgrades in
driving—such as energy-efficient alternative propul-
sion methods—are incorporated. Moreover, long-term
implementation will ensure that the expensive tech-
nologies needed in AHS design will be significantly
more cost effective and accessible when they are used
on a mass scale.

PROGRAM GOALS

The AHS program is focused on developing an auto-
mated vehicle-highway system to serve the Nation’s
transportation needs in the 21st century through an
orderly introduction of new capabilities.

The goals of the AHS program are being realized
through a cost-shared cooperative agreement with the
National AHS Consortium (NAHSC). The NAHSC

consists of public and private stakeholders that have a
broad range of perspectives on AHS. Through a con-
sensus process, the consortium will specify, develop,
and demonstrate a prototype AHS and provide for
evolutionary deployment that can be tailored to
regional and local transportation needs. An essential
task of the consortium is to seek opportunities for
early introduction of vehicle and highway automation
technologies to achieve initial benefits for all surface
transportation users. Exhibit III-22 lists the core mem-
bers of the NAHSC.

Since the inception of the NAHSC in 1994, the con-
sortium has completed a system description document
that defines AHS goals, objectives, and functions; ini-
tiated identification and evaluation of AHS approach-
es and a small set of concepts; prepared a detailed
work plan for the 1997 AHS technology prototype
demonstration; launched research into institutional
issues; and conducted outreach, including three major
workshops for research.

The specific goals of the AHS program are as follows:

+ Improve safety. Automated control will eliminate
many driver errors attributable to poor judgment,
fatigue, unpredictable behavior, and personal
impairment. Roughly 75 percent of crashes are

ExHisiT 111-22
CoRE NAHSC MEMBERSHIP

» Bechtel Corporation
e Caltrans (California DOT)

» Carnegie-Mellon University

¢ Delco Electronics

¢ General Motors R&D Center

* Hughes Electronics

» Lockheed Martin

» Parsons Brinckerhoff

o PATH - University of California at Berkeley
 U.S.DOT
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attributed to driver error. By transferring driver
control to the vehicles during travel on AHS high-
ways, the automated system will reduce vehicle
mishaps per highway kilometer by as much as 50
to 80 percent. In addition, the AHS program strives
to completely eliminate collisions; AHS will inter-
act positively with onboard vehicle monitoring
systems to exclude defective and manually con-
trolled vehicles from automated control lanes.

~ Increase efficiency. By reducing incidents and

crashes, AHS will increase the throughput of all
accommodated vehicle types in the United States
by as much as 300 percent. Throughput improve-
ment varies depending on weather conditions, traf-
fic conditions at exit points, and vehicle types (e.g.,
passenger cars, trucks, buses) accommodated on a
specific AHS. The net per-lane throughput of an
automobile-only AHS will be at least double and,
perhaps, triple the per-lane throughput of a con-
ventional highway under dry and good weather
conditions, barring reductions caused by specific
site conditions. Efficiency gains will be lower in
AHS lanes accommodating a mix of heavy vehicle
and automobile traffic.

Enhance mobility and access. The AHS will pro-
vide shorter, more predictable trip times and easier,
more reliable travel in inclement weather. Rapid
movement of people and freight, made possible by
reduced highway congestion, will translate into
noticeably shorter trip times and into the ability to
move people and freight to more locations in the
time available. This improvement will offer signif-
icant benefits to private, commercial, and transit
vehicle users and operators.

Provide more convenient and comfortable high-
way traveling. After entering an automated high-
way, a driver will be free to relax and engage in
nondriving tasks, perhaps improving personal pro-
ductivity. Under normal circumstances, drivers
will not be required to resume any driving tasks
until the requested exit is approached.

PROGRAM ACTIVITIES

The NAHSC work plan lays out a multiyear effort to
develop and advance the critical technologies required
to support the 1997 AHS demonstration, select and
evaluate AHS concepts, and build and test an AHS
prototype. Investment decisions are informed by a
thorough understanding of the current state of tech-
nology development. Where applicable, efforts build
on the technical capability developed by NHTSA’s
crash avoidance research and other elements of ITS
research (e.g., vehicle-roadside communications,
satellite positioning, advanced traffic management
centers). The program is organized into three phases:
analysis, system definition, and operational testing
and evaluation.

FHWA has developed milestones to track the progress
of the system definition phase and ensure that the AHS
is developed in a logical fashion on the basis of previ-
ously completed work. The milestones are listed in
Exhibit I11-23.

Analysis Phase

During the analysis phase, numerous in-depth
research studies were conducted to acknowledge and
assess issues related to AHS design, development, and
deployment. These studies fell into three groups: pre-
cursor system analyses, human factors research, and
NHTSA-sponsored collision avoidance analyses,
which focused on vehicle-warning and control ser-
vices. Much of the analysis phase was completed dur-
ing FY 1996.

FHWA awarded 15 precursor system analysis con-
tracts, totaling $14.1 million, to investigate the issues
and risks related to AHS design, development, and
implementation. The contract work included research-
ing, analyzing, and debating a broad spectrum of
AHS-related issues. The innovative structure of these
contracts identified a matrix of 16 activities to be
investigated by multidisciplinary, multi-organizational
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ExHiBiT H1-23
AHS PROGRAM MILESTONES

Milestone

Completion

Performance and Design Objectives Established

November 1995

Proof of Feasibility Demonstrated

August 1997

Feasible AHS Concepts Selected June 1998
Preferred AHS Configuration Selected March 1999
AHS Prototype Testing Completed September 2002

teams representing diverse perspectives, including
State and local transportation departments, academia,
aerospace and automotive industries, and defense and
high-tech research organizations. These contractors
investigated the following specific AHS activity areas:

» AHS in urban and rural operational environments.

e Certification of proper vehicle functioning for
automated operation (automated check-in).

« Certification of proper vehicle and driver function-
ing for manual operation (automated check-out).

» Lateral and longitudinal control of an automated
vehicle.

« Malfunction management.

e Unique AHS-related needs of commercial and
transit vehicles.

o Lessons learned from deployment of comparable
systems.

» Deployment of possible AHS configurations with-
in existing freeway networks.

» Impact of AHS on nearby non-AHS roadways.
e AHS entry/exit implementation.

* Ongoing AHS operation.
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« AHS vehicle operation, including vehicle retro-
fitting.

» Impact of alternative propulsion systems on AHS
deployment and operation.

» AHS safety issues.

« Institutional and societal aspects of AHS deploy-
ment.

o Assessment of AHS preliminary cost/benefit
factors.

A CD-ROM containing reports on all these areas is
available through the Volpe National Transportation
Systems Center.

Human factors questions surrounding AHS involve
the transition from manual to automated driving and
back again, normal automated driving, and handling
of emergency events. The research is informed by
analyses of other automated roadway systems that
involve human operators, including Germany’s O-
Bahn system (which has buses equipped with an auto-
mated system to take over steering control in narrow
tunnels); the Channel Tunnel repair vehicle (which
operates on both normal and automated roadways);
the Washington, DC, Metro subway system (which
has a speed control feature that is normally automated
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but must sometimes be controlled manually); and air-
plane autopilot systems.

Because driving simulation is a key component of AHS
human factors research, the University of Iowa’s high-
ly sophisticated motion-based driving simulator is
used. The simulator is a Ford Taurus that is surrounded
by three seamless wide-screen projection systems
showing realistic computer-generated roadway scenes.
The vehicle is equipped with a motion system that cre-
ates the sensations of braking and accelerating.

Human factors researchers continue to investigate the
following AHS issues and questions:

* Speeds and headway distances and driver adaption
to new combinations of technologies.

* Entry and exit on automated lanes and driver
maneuvering.

* Behavior of drivers in automated lanes and the
amount of driver attention that can be relied on in
case of a malfunction in the automation.

* Proximity of vehicles in the automated lane and
driver reaction.

* Driver reaction when switching from automation
back to manual control.

NHTSA-sponsored collision avoidance analyses are
closely coordinated with AHS research to leverage
technical results.

System Definition Phase

The system definition phase, the second stage of the
AHS efforts, will establish performance and design
objectives; identify and evaluate alternative AHS con-
cepts; conduct a full-scale demonstration in 1997 of
AHS technical feasibility as required by ISTEA,; select
a preferred system approach; demonstrate, test, and
evaluate a prototype of the preferred approach; and
prepare documentation for this configuration.

An important milestone identified by the NAHSC
work plan is NAHSC Demonstration *97, which will
showcase current applications of technologies, sys-
tems, and subsystems that will contribute to a future
AHS prototype. A kickoff ceremony was held at the
site of the first AHS demonstration—the I-15 Express
Lane in San Diego County—on June 28, 1996. The
demonstration will include passenger vehicles, transit
buses, and heavy trucks, showcasing both partial and
full automation to give participants a clear sense of
both short- and long-term applications of the technol-
ogy. The demonstration will include mini-demonstra-
tions of some of these technologies in a large parking
lot. NAHSC will also cosponsor a technical confer-
ence with the Society of Automotive Engineers to
showcase state-of-the-art and evolving technologies
that will become critical elements of the AHS.

FHWA expects that the system definition phase will
last through 2001 or 2002. At the conclusion of this
phase, all specifications and documentation needed
for product developers and transportation agencies
will be available, including viable deployment paths.

Operational Test and Evaluation Phase

The third stage of the AHS program, the operational
test and evaluation phase, will evaluate one or more
implementations of vehicle-highway automation at
selected U.S. locations in several operational settings.
The implementations will be integrated into existing
institutional, technological, regulatory, and highway
environments. This final phase of the AHS program is
expected to begin some time after 2002 and will estab-
lish guidelines that U.S. DOT will use to support AHS
deployment.

TeCHNICAL LESSONS

The AHS program is a long-term and complex R&D
effort. In particular, detection of roadway obstacles
presents a major technical challenge for AHS.
NAHSC is currently investigating several promising
technological approaches to this problem. In addition,
human factors research has revealed that drivers
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FirsT AUTOMATED HIGHWAY CONCEPT
To BE TESTED IN SAN DIEGO

" Highways of the future may feature relaxed drivers talk-

“ing on the phone, faxing documents, or reading a novel

while an automated highway system controls the vehi-

,' cle’s steering, braking, and throttle and allows for

. “hands-off, feet-off” driving. Beginning in August, the

- 'NAHSC will demonstrate that the vision of an auto-
" mated highway system can be made a reality. '

‘As required by ISTEA, in August 1997, the NAHSC will
- show proof-of-technical-feasibility in a demonstration
_ project north of San Diego to establish that AHS is a
'viable and practical option for meeting travel demands
“and enhancing mobility—without building new high-
ways. The demonstration will be a full-scale, live vehicle
“ exhibition integrating the latest technological achieve-
- ments of the NAHSC and the transportation industry.
* The demonstration also will show that the technologies
needed to create an automated highway already exist
“or can be developed in the near future.

- A 7.6-mile HOV segment of Interstate |5, located 10
“miles north of downtown San Diego, will be the site of
“'the August demonstration. Each day, continuous
- demonstrations will run for about five hours in various
- sequences to test the AHS system in seven areas, rang-
"ing from cruise control to obstacle detection. Members

of Congress, congressional staff, State and local trans-
" portation decisionmakers, and private sector execu-
" tives will be invited to experience the automation tech-
" nology through rides in demonstration vehicles.

~ Although the demonstration may not directly represent
~the final AHS prototype concept, it will offer as many
" elements of a prototype as possible.The demonstration
- will focus on existing technologies that can be integrat-
_ ed quickly to provide a solid proof of technical feasibil-
“ity. Near-term partial automation capabilities will be
" key components of the demonstration to illustrate a
gradual implementation approach.

“The. demonstration results will help the intelligent
“transportation community select the most promising
-AHS technologies and conceptual approach, which ulti-
“ mately will lead to an AHS operational test with public
‘participation. With the summer demonstration, the
NAHSC program plan will have achieved its first major
~ milestone and set the stage for a future AHS prototype.
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should not be expected to act as immediate backups
for vehicle control in an emergency situation. Exhibit
111-24 highlights technical lessons learned.

The benefits and requirements of the AHS concept
still need to be analyzed and integrated with other
advanced technologies at a regional level. For exam-
ple, the efficient and safe operation of AHS depends
on optimizing traffic flow at entrances and exits to
highways through precise application of enhanced
traffic management techniques and proper infrastruc-
ture design. Several viable approaches have been put
forward, and research is ongoing for choosing among
them. Technical and institutional factors render AHS
concepts based on full infrastructure control impracti-
cal.

BENEFITS

The precursor studies indicate that AHS can double or
triple the number of vehicles per lane per hour, cut
travel time by 33 to 50 percent, and have the potential
to reduce accidents by 50 to 80 percent. NAHSC also
expects that AHS could improve driving safety,
decrease congestion, and reduce fuel consumption
and emissions. Specific benefits are listed in Exhibit
I11-25.

Transit and commercial vehicle operations and road-
way maintenance have been identified as potential
early winners that can benefit from AHS. Long-dis-
tance buses are also likely to enjoy safe travel with
more reliable travel times. For CVO, AHS technology
offers advantages in long-distance trucking, including
establishing fleet convoys. AHS could also help
improve current land use patterns by allowing plan-
ners to enhance or alter current transportation patterns.

INSTITUTIONAL ISSUES AND USER
ACCEPTANCE
The AHS program has changed R&D processes with-

in FHWA. By fostering strong stakeholder involve-
ment, AHS has also put formal mechanisms and struc-
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roadway obstacles.

achievable in mixed traffic.

operating together.

gencies.

ExHiBIT 11I-24
SYNoPsIS OF AHS TECHNICAL LESSONS LEARNED

AHS concepts will likely progress from vehicles equipped with collision avoidance systems toward
fully integrated vehicle-highway communication and coordination that will enable automated vehicles
to operate with human-operated vehicles. We have learned a great deal about technical issues including:

* AHS is technically feasible and its design will follow an evolutionary path.

* One of the major technical challenges for the AHS program is to develop approaches to detecting

» Control intelligence will reside in a balance between the roadway infrastructure and the vehicle,
using advanced vehicle crash avoidance and safety system techniques.

* Dedicated lanes enable AHS to ensure maximum safety and throughput benefits. Benefits are also

* Ideally AHS technologies would accommodate mixed operation, with AHS and non-AHS vehicles

* AHS vehicles will have redundant control so that the driver does not have to act as backup in emer-

»
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¥4 Non-Automated Vehicle
Eo Bus

I s | Truck
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tures in place for stakeholders outside the Federal
Government to influence decisionmaking. In addition
to its core members, NAHSC includes over 100 asso-
ciate members who represent nine categories of stake-
holders: the vehicle industry, government agencies,
the highway design industry, vehicle electronics man-
ufacturers, environmental interests, trucking opera-

tors, transit operators, transportation users, and the
insurance industry.

The associate participants in these categories engage
in program activities that range from policy manage-
ment to technical development. Their contributions
and expertise are invaluable in the decisionmaking
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ExHiBiT 111-25
BENEFITS OF AHS

AHS Topic Benefits Source
Roadway AHS can accommodate more vehicles on the highway. The Nita Congress, The
Capacity number of vehicles per hour per lane can be significantly Automated Highway

increased as traffic speeds are standardized and increased and System: An Idea Whose
headway distances are decreased. Studies estimate that two to Time Has Come, date
three times more vehicles could be accommodated through unknown.
elimination of inefficiencies caused by inattentiveness, merging,
weaving, and lane changing. AHS Program Report to
Congress, September
1995.
Safety AHS will remove the human error associated with accidents and Ibid.
has the potential to reduce accidents by 30 percent.
Weather High-performance driving can be conducted without regard to Ibid.
weather and environmental conditions. Fog, haze, blowing dirt,
low sun angle, rain, snow, darkness, and other conditions affecting
driver visibility (and, thus, safety and traffic flow) will no longer
hinder driving.
Mobility and AHS offers enhanced mobility for people with disabilities, the Ibid.
Societal elderly, and less experienced drivers.
Access Participants in focus groups expected that AHS would reduce
stress and worry in highway travel, but expressed concerns for
equity and access.
Air Quality Fuel consumption and emissions can be reduced. In the short Ibid.
and the term, these reductions will be accomplished, because start-and-
Environment stop driving will be minimized and because onboard sensors will
ensure that the vehicle is operating at top performance. In the long
term, AHS can support future vehicle propulsion and fuel designs.
Land can be used more efficiently. Roads will not require as
much land, because AHS facilities should allow for more effective
use of capacity.
Commercial AHS will enable more efficient commercial operations. Ibid.
and Transit Commercial trucking could realize an increase in trip reliability to
Efficiency support “just-in-time” delivery.
AHS could automate transit operations, extending the flexibility
and convenience of transit to increase ridership and service.
Economic “[The AHS program] provides the opportunity for U.S. industry to { Rodney Slater, Former
Gains stake out a dominant position internationally in the unique FHWA Administrator

technologies that will comprise the future automated highway
system.”
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process of the consortium. Examples of significant
contributions from associate participants include:

e Active involvement in the 1997 demonstration in
developing an integrated program and exhibiting
new technology and research.

* Prominent roles in NAHSC case studies to lever-
age ongoing or future projects and ensure maxi-
mum benefit to stakeholders’ programs.

* Active participation as working members of the
group researching the societal and institutional via-
bility of an AHS.

Most notably, stakeholders reoriented the AHS pro-
gram from one of exclusive “automated platooning” to
a more balanced, integrated mix of vehicles and incre-
mental implementation. Stakeholders wanted to see
more moderate, intermediate systems, especially
because the private sector has an interest in deploying
products that have near-term market potential.

As a result, during the past year, the U.S. DOT and its
partners have redefined the AHS concept to be more
evolutionary than revolutionary. Originally, automated
highways were envisioned exclusively as roads on
which drivers would not have to operate their vehicles.
Vehicles would be automatically guided along dedi-
cated lanes and kept a safe distance apart through the
application of roadside technologies that “platooned”
vehicles. Most recently, prototyping and testing of
AHS tech